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ABSTRACT 
A l e a r n i n g programme,on the t o p i c of g l a c i a t i o n , 
i s w r i t t e n f o r p u p i l s of above average i n t e l l i g e n c e f o r 
use i n the school s i t u a t i o n . T h e l e a r n i n g progreumne i s 
l i n e a r i n s t y l e w ith overt r e s p o n s e . l t c o n s i s t s of 
ikk frames: d i v i d e d i n t o f i v e 8ectionsB.Pupi3aS|f work a t 
t h e i r own pace w i t h i n the l e s s o n period?. 
F i r s t y e a r pupiXS • i n a Senior(13+-18+) High 
Schoo). a s s i s t e d i n programme development .Four r e v i s i o n f f 
were: found to be n e c e s s a r y before the l e a r n i n g programme 
was? c o n s i d e r e d to be s a t i s f a c t o r y (Gain R a t i o of 1»2) , 
R e v i s i o n s were: based on the; pupil<^s^ p o s t - t e s t performemce 
and the frame response e r r o r rate.The. f i n a l v e r s i o n of. 
the programme produced-a GadLn R a t i o of 1,38.Overall freune 
response e r r o r s were 5»&% and key frame response e r r o r s 
6,92%. 
The map i n t e r p r e t a t i o n s e c t i o n of the programme 
di d not r e a c h an a c c e p t a b l e l e v e l of success.The p u p i l s 
concerned may have l a c k e d the n e c e s s a r y b a s i c map reading 
s k i l l s . 
The Gain R a t i o f o r the whole programme a f t e r 
a p e r i o d of one month i s O.B?. 
Programme e v a l u a t i o n followed with a teaching 
methods experiment.The l e a r n i n g which r e s u l t e d from the 
use of *aE»- t h r e e d i f f e r e n t teaching methods was analysed.. 
The t e a c h i n g methods employed were ( l ) l e a r n i n g prograimne 
only; ( 2 ) l e a r n i n g programme p l u s d&scussdon; and (3') nox*mal 
method^A comparison of the: r e s u l t s ^ obtained from the three 
groups^ f o r (1) post-tes~± gadLns^; 
( i i ) r e t e n t i o n gainsr (5 weeks l a t e r ) ; 
( i l l ) G^C.E.. theory and" ( i v ) G::»-C.E.. map lntezi>retation 
( 9 weeks l a t e r ) ^ a l l y i e l d e d r e s u l t s of no s i g n i f i c a n t 
d i f f e r e n c e .The lea i m i n g progreunme was as. e f f e c t i v e as the 
other t e a c h i n g methods and r e q u i r e d l e s s time* 
- I t i s suggested t h a t the type of 0«S». map 
i n t e r p r e t a t i o n used i n the l e a r n i n g programme may be 
too d i f f i c u l t f o r p u p i l s i n the 13+ - l4+ age group. 
Elizabeth SHEPHERD 
M.Ed. Thesis to be presented to the University of Durham 
September 1971. 
The w r i t i n g , v a l i d a t i o n and evaluation of a learning 
programme i n Geography f o r prospective '0' l e v e l 
candidates. 
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INTRODUCTION 
As t h i s century progresses the demand f o r education 
at a l l levels gathers momentum. This trend "became 
evident, i n the f i r s t instance, i n the i n d u s t r i a l 
nations but has spread to the underdeveloped areas of 
the world. I n an i n d u s t r i a l nation, such as B r i t a i n , 
t h i s change of outlook r e s u l t s from two main causes. 
F i r s t l y , a much wider section of society has become 
aware of the r i g h t of a l l to equal opportunities and 
education i s seen as the main instrument i n achieving 
t h i s expectation. Secondly, the increasing complexity 
of modern l i f e i n the Space Age r e s u l t s i n the demand 
fo r large numbers of h i g h l y - s k i l l e d men and women. 
Human resources which are not developed and u t i l i z e d 
to the f u l l are a loss to the county as a whole, as 
w e l l as to the individuals concerned. 
An increase i n educational opportunity was , 
f a c i l i t a t e d , i n B r i t a i n , by the Butler Act of 1944, 
which aimed at providing 'secondary education f o r a l l ' , 
followed l a t e r by Robbins' (1963) insistence that 
'courses of higher education should be available f o r 
a l l who are q u a l i f i e d by a b i l i t y and attainment to 
pursue them and who wish to do so'. 
The number of pupils electing to remain i n f u l l 
time education, i n t h i s country, increases each year. 
By 1980 i t i s estimated that the number of extra school 
children w i l l be i n the region of 3 million"^. I n order 
to maintain the present s t a f f i n g r a t i o an additional 
170,000 teachers w i l l be required by 1980. Because 
education requires a great deal of expensive labour 
there i s an increasing need f o r teaching methods to 
be reviewed i n order to make the most e f f i c i e n t use 
of a l l resources available. At the same time new 
teaching methods, techniques and materials must be 
developed and assessed so that standards of education 
already achieved can be maintained and improved. The 
developments i n educational technology which are taking 
place at the present time w i l l permit a more ef f e c t i v e 
use of msuipower. Programmed learning i s one of the 
recent developments i n t h i s f i e l d . 
The main objective of t h i s exercise i s to develop 
an e f f i c i e n t piece of i n s t r u c t i o n a l material i n the 
form of a learning programme and to demonstrate i t s 
effectiveness. The learning programme i l l u s t r a t e s the 
fac t that t h i s p a r t i c u l a r type of content material can 
be programmed and that when the programme i s used by 
pupils i t i s as e f f e c t i v e as some other i n s t r u c t i o n a l 
methods which are i n current use. Evidence w i l l also 
be given which suggests that programmed learning often 
requires less student time and e f f o r t to produce the 
same r e s u l t s . 
1 Paper by Professor Maurice Preston 
'Manpower and Resources 1966-80' presented to a 
National Conference at University of Sussex. May 1966, 
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This p a r t i c u l a r learning programme i s concerned 
mainly w i t h verbal, v i s u a l and diagrammatic s k i l l s 
because these seemed appropriate to the subject matter. 
However, many subjects can be programmed, using^a wide 
v a r i e t y of audio, v i s u a l and motor s k i l l s and materials. 
Programmed learning i s much more than a c o l l e c t i o n of 
teaching aids; i t i s the e f f i c i e n t assembly of various 
teaching materials. 
As a r e s u l t of developments i n programmed learning 
i n the l a s t 10 years teachers w i l l increasingly present 
t h e i r knowledge i n a more s c i e n t i f i c objective way. 
Much more time w i l l be spent i s o l a t i n g aims, w r i t i n g 
and ordering learning sequences and evaluating r e s u l t s . 
This more systematic approach to the problem of teaching 
should produce better r e s u l t s as w e l l as a more e f f i c i e n t 
employment of time and resources. 
Programmed learning i n the early stages of i t s 
development, was feared by some because i t was thought 
that i t would replace the teacher, Others thought that 
i t had arrived at an opportune moment, at a time when 
the demand f o r teachers was outstripping supply, a time 
when the number of students and the syllabus content 
were growing much fast e r than the nmber of teachers 
and the aids available to them. 
Chapter 1 
THE PROBLEM 
This study i s concerned with the development of a 
new learning programme and attempts to ascertain i t s 
usefulness i n the f i e l d of education. This estimate of 
value i s investigated i n two ways; f i r s t l y by attempting 
to assess the amount of learning which occurs as a dir e c t 
r e s u l t of i t s application and secondly by comparing i t s 
performance w i t h other methods of teaching the same 
content material. 
I n i t i a l l y an attempt i s made to w r i t e a learning 
programme which i s suitable f o r secondary school pupils 
preparing f o r the '0' Level examination i n Geography and 
the programme i s to include the requirements of t h i s 
examination on the topic of g l a c i a t i o n i n the physical 
geography section. The learning programme i s planned 
and w r i t t e n i n the l i g h t of current theory and practice 
i n programming. 
Once w r i t t e n i t i s subjected to t r i a l by students 
who are preparing f o r the '0' Level geography examination. 
The i n i t i a l learning programme i s revised u n t i l the 
performance of these representative students suggests 
that an acceptable l e v e l of learning has occurred - t h i s 
i s the v a l i d a t i o n process. 
F i n a l l y the learning programme i s subjected to an 
evaluation procedure i n that i t s performance i s compared 
wi t h other accepted teaching methods i n a. detailed 
empirical i n v e s t i g a t i o n . 
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Chapter 2 
PROGRAMMED LEARNING - ITS CHARACTERISTICS AND DEVELOPMENT. 
What i s progra.mTned learning? 
Programmed learning i s a method of teaching which 
has developed considerably over the l a s t 10 years. The 
learning programme i s a planned sequence of i n s t r u c t i o n a l 
material which the learner works through at hi s own pace. 
The material i s arranged i n small steps which require a 
frequent active response from the learner. Immediate 
knowledge of the accuracy of the response i s an i n t e g r a l 
part of the process. The learning material was at f i r s t 
presented i n book form or as a sheet i n a teaching machine. 
The preparation of the i n s t r u c t i o n a l material requires 
the learning objectives to be femulated i n behavioural 
terms. This permits the learning programme to be tested 
by student performance and revised u n t i l the desired 
r e s u l t s are achieved. 
At f i r s t learning programmes r e l i e d mainly on verbal 
presentation but many new programmes employ v i s u a l , 
t a c t i l e and auditory s t i m u l i where more appropriate. 
Stones (1968) argues that i n much secondary teaching 
e n t i r e l y verbal programmes are inappropriate. He suggests 
that at these levels a programme must make use of integrated 
a n c i l l a r y material. This i s f a c i l i t a t e d by developments 
i n the a v a i l a b i l i t y and use of audio-visual aids, simulators 
and apparatus f o r teaching generally. 
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I t i s evident that programmed learning can also 
be presented i n a much wider v a r i e t y of forms. The 
programmed book, teaching machine, f i l m , t e l e v i s i o n 
and tape are a l l suitable media for presentation. 
Programmed material i s now more frequently 
inte^grated w i t h other teaching techniques i n the 
presentation of course material. I n t h i s way the 
appropriate teaching technique can be employed to 
accommodate a number of teaching aims and the v a r i e t y 
of presentation assists motivation. 
Characteristics of programmed learning, 
A learning programme i s a structured teaching 
instrument designed to produce specified changes i n 
student behaviour. An outline i s given a t t h i s point 
of a number of basic p r i n c i p l e s on which programmed 
learning i s based. These princ i p l e s have been developed 
and modified as a r e s u l t of research.findings, 
1. Behavioural analysis The task to be performed i s 
analysed i n t o i t s component parts. Thus each stage i s 
recognised and can be presented i n a l o g i c a l sequence. 
2. Small steps The step size i s usually quite small 
but the aim i s to achieve the largest step size possible 
f o r an acceptable l e v e l of learning to r e s u l t (Gilbert 1962, 
Markle 1963). Step size i s governed by the d i f f i c u l t y 
of the content material and the age and a b i l i t y of the 
students, 
3. The p u p i l must a c t i v e l y p a r t i c i p a t e at each stage 
and w i l l l earn as a r e s u l t of the responses made. 
12 
4. -Immediate knowledge of resul t s As soon as a response 
i s made correctness i s ascertained. A correct answer 
promotes learning by ( i ) confirming the response, 
( i i ) a s s i s t i n g i n motivation. 
5. Self-pacing The student works through the learning 
programme at h i s own speed. While t h i s may assist the 
slow or quick learner i n the classroom s i t u a t i o n recent 
research on i n d i v i d u a l paced and group programming exercises 
shows that self-pacing i s not essential f o r learning to 
occur, 
6. Validation Does the learning programme work? 
The programme i s tested and revisions are made on the 
basis of information obtained from the v a l i d a t i o n data 
u n t i l the process does work. 
History and development of programming 
Although the h i s t o r y of programming i s now we l l 
known, i t i s necessary to trace the main developments 
i n t h i s f i e l d , i n order to focus on the events which 
led to the present p o s i t i o n and on the learning theory 
on which i t i s based. 
The programmed learning method of i n s t r u c t i o n has 
been likened to the d i a l e c t i c method used by Socrates 
and also to the t u t o r i a l system because of the question 
and answer technique i n a one-to-one relationship of 
teacher and student. Here the answer to one question 
i s often the basis f o r new questions and i n t h i s way 
new knowledge i s selected and i s b u i l t on to material 
which has already been mastered. 
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The i n s t i g a t i o n of the programming movement, 
however, owes much to events i n the f i e l d of 
psychological research than to developments i n pedagogy. 
Pavlov's (1927) work on the conditioning of animals 
i s of i n t e r e s t here. He demonstrated that a hungry dog 
could be conditioned to salivate at the sound of a b e l l 
by f i r s t associating food, which caused an i n s t i n c t i v e 
s a l i v a t i o n reaction, with a b e l l and l a t e r withdrawing 
the primary stimulus, A new stimulus could then be 
associated (paired) w i t h the conditioned (learned) 
stimulus and so on. Programmers make use of t h i s 
conditioning when they l i n k new material with something 
which i s already part of the learners repertoire and 
then withdrawing the f a m i l i a r stimulus, 
Thorndike ( I 9 I I ) contributed to our knowledge of 
the learning process w i t h his 'Law of Effect' which 
states that successful actions are more l i k e l y to be 
repeated (learned) than those which are unsuccessful. 
The reward provided by success or s a t i s f a c t i o n i s said 
to reinforce the learner's behaviour. I n programming 
terms the connection between the stimulus (programme) 
and the response (student behaviour) i s strengthened 
only i f some success or s a t i s f a c t i o n follows the response. 
I n the early 1920's Pressey (1926) developed a 
machine f o r t e s t i n g students who had been taught else-
where. The student had to select an answer from a 
multiple-choice question. The correct answer to the 
question was followed by a new question. 
14 
-Thus the student made an active response which was 
followed by immediate knowledge of r e s u l t s . Pressey 
discovered t h a t , as w e l l as f a c i l i t a t i n g marking, the 
device also produced a measurable increase i n learning. 
L i t t l e i n t e r e s t was shown i n the discovery at the time, 
however. 
Skinner provided the current impetus to programmed 
learning by p u t t i n g forward proposals based on his 
experiments w i t h pigeons. Like Thorndike he found 
that behaviour which i s reinforced i s more l i k e l y to 
reoccur. He was able to shape the behaviour of animals 
by r e i n f o r c i n g desired behaviour immediately a f t e r i t 
occurred - operant (instrumental) conditioning - and 
repeating the procedure often enough f o r the animals 
to r e t a i n the behaviour. By r e i n f o r c i n g at each stage 
he was able to b u i l d up patterns of behaviour. 
Skinner (1954) points out the relevance of t h i s 
experimental work to the modification and control of 
behaviour i n education. He looked i n t o teaching as a 
whole and put forward proposals based on laboratory 
experiments. Skinner's solution to the learning 
s i t u a t i o n i n the classroom was to wri t e a teaching 
programme which the student would work through at his 
own pace. The teaching material would be presented i n 
small steps w i t h i n the c a p a b i l i t i e s of a l l . Each step 
would require a w r i t t e n response from the student, 
which would be followed by the desired response. 
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A correct answer would serve as reinforcement and the 
material was to be c a r e f u l l y w r i t t e n so that student 
error would be minimal. 
Thus Skinner combined the techniques of shaping 
student behaviour with that of knowledge of r e s u l t s . 
His c o n t r i b u t i o n was a learning programme which 
incorporated the f o l l o w i n g ; -
( i ) i n s t r u c t i o n a l material which was presented 
i n small steps - 'frames' 
( i i ) each frame to be so constructed as to e l i c i t 
an active response from the student, 
followed by 
( i i i ) the immediate knowledge of results 
( i v ) each student to progress at his own ra t e . 
Because each student works through a l l the frames, 
i n sequence, t h i s method of organizing learning material 
became known as l i n e a r programming. 
At about the same time Orowder (1960) was developing 
an i n s t r u c t i o n a l device, which became known as branching 
( i n t r i n s i c ) programming. Here larger sections of 
material are presented to the student than i n a l i n e a r 
programme (2 or 3 paragraphs rather than 1 or 2 sentences) 
followed by a multiple - choice question. I f a correct 
response i s selected the student i s directed to the next 
u n i t of information. An incorrect response results i n 
the student being branched along a subsequence where the 
nature of the error i s explained before a r e - t e s t . 
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A correct response at t h i s stage r e s u l t s i n d i r e c t i o n 
back to the main route of the programme. 
Skinner's l i n e a r programme developed as the r e s u l t 
of a knowledge of the learning process obtained from 
psychological experiments, while Crowder was i n t e n t 
on improving h i s methods of teaching by improving 
communication w i t h his engineering students. While 
differences do obviously exist between the two methods 
of programming outlined at t h i s stage i t i s i n t e r e s t i n g 
to note that the chief characteristics of Skinner's 
method l i s t e d above are a l l present i n Crowder's scheme 
as w e l l . 
A f t e r much controversy as to -which i s the best 
method of programming, the present trend i s f o r 
programmers to use whichever method i s the best f o r 
the task i n hand. The finished product may make use of 
both techniques. 
While accepting the p r i n c i p l e s underlying the 
Skinnerian approach to programming, Gilbert (1962) 
disagreed w i t h the learning laboratory approach to the 
problem and formulated and developed his own 
p r e s c r i p t i o n which he called Mathetics. 
The mathetic method of programme construction can 
be applied to any subject but i t s emphasis on task 
simulation makes i t p a r t i c u l a r l y suitable f o r teaching 
s k i l l s where 'transfer of t r a i n i n g ' forms an essential 
part of the i n s t r u c t i o n . 
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One of the basis concepts of mathetics i s to s t a r t 
w i t h the most motivating task - t h i s i s frequently the 
l a s t operation which completes the task to be learned. 
When t h i s 6tep i s mastered i t i s followed by the step 
immediately preceding i t and so on. I n some programmes 
using t h i s method the most d i f f i c u l t sequence i s taught 
f i r s t . Pew programmes have been w r i t t e n using t h i s 
method, however. 
Computer assisted i n s t r u c t i o n i s the most recent 
development i n t h i s f i e l d but i t i s s t i l l i n i t s 
infancy. Here information i s stored i n a computer and 
the machine selects the appropriate sequence f o r each 
student according to his performance. 
To sum up, programmed learning i s a new technology 
which combines the findings of psychological research 
w i t h improved methods of t e s t i n g and new i n d u s t r i a l 
techniques of task analysis and data processing i n 




Much research has been reported, both i n the 
United States and i n B r i t a i n , on a wide v a r i e t y of 
topics on programmed learning at the primary, 
secondary and t e r t i a r y levels of education. As a 
r e s u l t of the research many early theories have been 
refuted and the findings have led to rapid changes i n 
programming technique. P a r t i c u l a r note i s taken here 
of work carried out w i t h students at the secondary 
l e v e l . 
F i r s t the selection of a programming method i s 
considered along w i t h the presentation of programmed 
mat e r i a l . This i s followed by a survey of work on 
frame size, response type, reinforcement and pace. 
F i n a l l y evidence i s presented of the effectiveness 
of the programmed learning method of i n s t r u c t i o n as 
compared w i t h other i n s t r u c t i o n a l methods. 
Linear v. Branching 
One of the f i r s t problems investigated was 
whether the l i n e a r or branching programming technique 
was the be t t e r . Comparisons were d i f f i c u l t because 
many d i f f e r e n t versions of both types are possible 
f o r the same subject matter. Research with adults 
by Roe (1962), w i t h high school students by Stolurow 
and Berberman (1962) and wi t h secondary modern pupils 
by Herringshaw and Hunter (1964) showed that the two 
methods were equally e f f e c t i v e . 
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What appears to be emerging i n more recent work i s 
that one type i s better than the other under certain 
conditions rather than i n a l l conditions. Larkin and 
L e i t h (1963) found that the l i n e a r programme was 
bet t e r than a branching programme w i t h ten year olds 
on a t e s t of recognition and r e c a l l i n the below 
average a b i l i t y range, while Larkin (1964) found no 
difference between methods wi t h secondary modern 
fourteen year old pupils. L e i t h and Hope (1965) also 
found that i n the lower age l e v e l the l i n e a r method 
was b e t t e r f o r the less able students. Elley (I966) 
suggests that the l i n e a r method i s better f o r teaching 
f a c t s and the branching method f o r concepts. 
Conclusions which can be drawn from the research 
are:-
( i ) l i n e a r programmes are good f o r a l l ages 
and are p a r t i c u l a r l y good f o r teaching 
memorization and essentially f a c t u a l 
material and unfamiliar material. 
( i i ) branching programmes are best f o r a mental 
age of eleven and over and f o r teaching 
conceptual organisation and discrimination, 
( i i i ) branching programmes almost always take less 
time to work throiigh. 
I t i s now usual to use both methods i n one 
programme according to the nature of the material to 
be presented. 
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Hartley (196^ found that a skip-linear programme, 
where the able student i s able to bypass certain 
series of frames, was better than a l i n e a r programme 
when teaching twelve year old secondary modern pupils 
logarithms, 
Machine v. Programmed Text 
The use of learning programmes presented i n a 
machine i s inconvenient because of the cost of the 
machines, the l i m i t e d number of programmes available 
f o r the machine and the storage space required f o r the 
machine. Have machines any advantage which would 
o u t ^ ^ ^ t h i s inconvenience? 
I n eight experiments, using linear-constructed 
response programmes, reported by Goldstein and Gotkin 
(1962), no difference was recorded i n student learning 
when comparing the two formats. Four out of f i v e of 
these experiments showed a s i g n i f i c a n t saving i n time 
when books were used rather than machines. Morris 
(1965) teaching L a t i n at the secondary l e v e l , Robson 
and Austwick (1965) teaching algebra to below average 
a b i l i t y secondary pupils and Leith and Eastment (1970) 
teaching p r o b a b i l i t y to secondary modern pupils also 
found no difference i n machine or t e x t presentation. 
Wallis and Wicks (1964) using a multiple-choice 
programme reported one of the few findings i n favour 
of the machine groups. 
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The claim i s made that machines, unlike t e x t s , are 
•cheat p r o o f - they prevent the pupils from looking 
ahead at the confirmation before making a response. 
However, a number of researches give strong support to 
the view that looking ahead does not detract from 
learning. Widlake (1964), L e i t h (1966*^ and Lei t h and 
Ghumem (1967) a l l conclude that looking ahead makes 
no difference to the learning which takes place. Thus 
i t appears that i t i s not necessary to prevent looking 
ahead. Since i t i s not necessary to make looking ahead 
d i f f i c u l t , confirmation of the correct response should 
be located i n as convenient a _position as possible. 
Claims are also made that the machine enhances 
motivation. L i t t l e evidence i s available to support 
t h i s claim but L e i t h and Eastment (1970) suggest as 
a r e s u l t of t h e i r work that with the lower a b i l i t y groups 
the machine may assist as an attention-focusing device. 
Step size 
Programme w r i t i n g involves the arrangement of the 
subject matter i n small steps but the question i s how 
small? The precise meaning of 'step' i s not c l e a r l y 
defined i n the l i t e r a t u r e . I t may r e f e r to the amount 
of teaching material w i t h i n one frame or to the number 
of frames per u n i t of i n s t r u c t i o n s . 
L e i t h (1966b) points out that experiments which 
compare l i n e a r and branching programmes can be used 
to c l a r i f y d i f f i c u l t i e s w i t h frame size. 
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Many of these experiments show cle a r l y that material can 
be taught as e f f e c t i v e l y w i t h a small number of large 
frames i n the branching method as w i t h a large number 
of frames i n the l i n e a r method when maturity of reading . 
and conceptualising a b i l i t y has developed. Lewis and 
Gregson (1965) did not f i n d that frame size affected 
learning from a l i n e a r programme. 
Early programme w r i t e r s stressed the need f o r small 
steps but teachers and subject s p e c i a l i s t s have c r i t i c i s e d 
many early programmes because, i n t h e i r view, teaching 
steps were too small and too numerous. Able students 
found these programmes too easy and l o s t i n t e r e s t . 
Several studies have been made i n t o the question of the 
optimum number of frames per u n i t of i n s t r u c t i o n . 
Middleton (1964) prepared a 600 frame programme on 
s p e l l i n g and a shorter 400 frame one w i t h fewer frames 
i n each sequence and found that the l a t t e r was more 
e f f i c i e n t . L e i t h and Burke (1967), repeating Middleton's 
experiment, found the programmes as e f f i c i e n t . 
Morgan and Dubois (1965) found results less good 
when they reduced the review frames. Coilson and 
Silberman (1960) had better r e s u l t s from the larger 
number of steps. This work suggests that while some programmes 
have j u s t enough i n s t r u c t i o n a l material others have much 
redundant material i n them. The l a t t e r may have too 
much explanation, practice and review. This poses a 
problem f o r the programme w r i t e r . 
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The i n i t i a l prograrmne d r a f t s should be w r i t t e n w i t h 
what i s judged to be an i n s u f f i c i e n t or barely 
s u f f i c i e n t number of frames. During f i e l d t e s t i n g 
i t w i l l become evident where additional assistance 
must be introduced. I f too much material i s included 
at the outset i t i s d i f f i c u l t to pinpoint redundancies. 
Response made 
According to Skinner i t i s necessary f o r the 
learner to respond to the stimulus given i n each frame 
f o r learning to occur and that t h i s response should be 
overt ( w r i t t e n e t c . ) . There have been several attempts 
to assess the need f o r the response i n the l i n e a r 
programme and to compare the overt (doing) and covert 
( t h i n k i n g ) response. The evidence f o r the former i s 
c o n f l i c t i n g . Krumboltz (1964) and Buckland (1967) 
obtained a no difference r e s u l t when comparing a w r i t t e n 
response programme with the same programme which had 
the response material included i n the frames, both f o r immediate 
scores and at the r e t e n t i o n stage. Goldbeck and Campbell 
(1962) found the reading group better at the retention 
stage while Krumboltz and Weisman (1962) found the 
w r i t t e n response group better at the re t e n t i o n stage. 
Overt responses are h e l p f u l to the programmer when 
v a l i d a t i n g h is programme but frequent overt responses 
reduce the rate of learning and may prove irksome, 
especially t o the able student. Are they i n fac t 
essential? 
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There i s evidence to suggest th a t overt responses 
are necessary when new material i s being learned 
and f o r discrimination, while i n the assimilation 
of concepts, c l a s s i f y i n g , contrasting and learning 
examples overt responses are not necessary and may 
even prove d i s t r a c t i n g . 
Thus Lei t h and Burke (1967) foxind overt responding 
best f o r s p e l l i n g with an 'A' stream secondary modern 
group - a task r e q u i r i n g l i t t l e i n t e r n a l organisation. 
L e i t h and Eastment (1970) reported that overt responding 
was not superior f o r pupils w i t h above average a b i l i t y 
f o r a programme req u i r i n g conceptual learning. L e i t h 
and Ghuman (1967) found that the covert response was 
best when teaching co-ordinate geometry to sixteen 
year old pupils i n a grammar school but the overt 
response was superior at t h i r t e e n years - perhaps as 
an a t t e n t i o n holding device. 
Re-inforcement 
I n Skinner's (1954) view the correct answer to 
each frame serves as reinforcement f o r the student 
and f o r t h i s reason he suggested that the programme 
should be c a r e f u l l y w r i t t e n so that student error 
would be minimal. Experimental work has shown that 
p o s i t i v e re-inforcement i s usually most successful 
but negative re-inforcement may be more e f f e c t i v e 
than no re-inforcement at a l l . 
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Elley (1966) showed that avoiding errors was h e l p f u l 
to rote learning. Elley (1966) and L e i t h and Wisdom 
(1967) found no r e l a t i o n s h i p between the number of 
errors and t e s t performance. Le i t h and Clarke (1967) 
suggest that making and overcoming errors may sometimes 
help i n learning. 
Frequent re-inforcement may not be necessary. 
Three degrees of re-inforcement were provided by 
modifying the number of confirming answers by Berglund 
(1969) w i t h a fourteen year old group. No s t a t i s t i c a l 
difference between the varying amounts of re-inforcement 
provided was obtained. I t i s possible that the more 
able or more highly motivated learners may need less 
re-inforcement than those of lower i n t e l l i g e n c e or 
those who are not interested. 
Teaching method 
Duncan and Hartley (1969) taught and tested under 
a v a r i e t y of verbal and v i s u a l modes. The subjects 
who were asked to produce a maze i n the form that 
they had studied i t foxind the task s i g n i f i c a n t l y 
easier (p<J0.001) than did subjects who had to translate 
i t i n t o another form. This work suggests that programme 
w r i t i n g should take account of the form of the c r i t e r i o n 
t e s t as w e l l as the content of the teaching objective 
during programme construction. 
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Own Pace 
I n i t i a l l y programmers stressed the v i r t u e s of 
i n d i v i d u a l i n s t r u c t i o n and the speed of working 
programmed material varied widely. A number of studies 
have shown that t h i s i s not essential to learning and 
i n f a c t paced work or group work can be b e n e f i c i a l . 
Austwick (1964) and Sawirig (1966) showed that pairs 
and groups working together could be as e f f i c i e n t . 
Moore (1967) reports a series of experiments w i t h 
s i m i l a r r e s u l t s . Kay et a l (1968a) and Hope (1969) 
found that paced in d i v i d u a l s worked quicker than they 
would have done at t h e i r own pace with the same r e s u l t s . 
Hartley (1968) concluded that there are conditions where 
learning under conditions of self-pacing may be less 
e f f i c i e n t than working with others and/or under some 
form of external pacing. 
Programme v. Teacher 
Immediate £ains_ Convincing evidence that programmed 
i n s t r u c t i o n i s e f f e c t i v e f o r teaching has accumulated 
over the l a s t decade. Kay (1968b) points out that 
i n each experiment the programme or the teacher may 
be a p a r t i c u l a r l y good example and thereby i n v a l i d a t e 
f i n d i n g s . He suggests, however, that the consideration 
of a large number of these experiments w i l l overcome 
t h i s chance element to some extent. 
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Hartley (1966) l i s t e d the re s u l t s of the 112 studies 
(82 of these are American) comparing teachers and 
programmed i n s t r u c t i o n as shown i n Table 3.1 
Table 3.1 The Results of 112 Studies comparing Programmed 




Programmed I n s t r u c t i o n Group 
s i g n i f i c a n t l y 
superior 
not sign, 
d i f f e r e n t 
sign, 
worse 
Time taken 90 47 37 6 
Test r e s u l t s 110 41 54 15 
Re-test r e s u l t s 33 6 24 3 
The re s u l t s of experiments carried out i n schools 
only are set out i n Table 3.2 





Programmed I n s t r u c t i o n Group 
s i g n i f i c a n t l y 
superior 
not sign, 
d i f f e r e n t 
sign, 
worse 
Time taken 37 13 23 1 
Test r e s u l t s 49 16 22 11 
Re-test r e s u l t s 19 1 17 1 
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More recent studies carried out by Daniel and 
Murdock (1968) and Leytham (1970) found i n favour of 
programming. The conclusion would appear to be that 
programmed learning can teach as e f f e c t i v e l y or more 
e f f e c t i v e l y than the t r a d i t i o n a l lesson and i n a 
shorter time. 
I n a s i m i l a r comparative experiment Pikas (1967) 
found that the s i m i l a r i t y between the te s t and the 
learning task was the decisive variable i n performance 
differences. Roebuck (1970) found that programmed 
learning was superior to conventional i n s t r u c t i o n . 
He suggested, however, that the methods taught along 
s i g n i f i c a n t l y d i f f e r e n t l i n e s and emphasised d i f f e r e n t 
concepts so that any observed differences i n attainment 
were a fun c t i o n of the t e s t i n g procedures used. The 
c r i t e r i o n t e s t i n his study was compiled by reference 
to the learning programme and the programmers tes t 
therefore was s p e c i f i c a l l y set on t h i s work. These 
studies i l l u s t r a t e the importance of the necessity 
f o r great care i n t e s t construction so that one method 
does not have an advantage over the other on t h i s score. 
Retention Tables 3.1 and 3.2 show that retention 
has also been studied i n a number of cases and that 
usually the r e s u l t has been one of no s i g n i f i c a n t 
difference. Orr (1968) tested retention and reported 
no difference between the programme and the conventional 
l e c t i i r e method of presentation a f t e r one day, one week 
and two weeks. Leytham (1970) found no difference a f t e r 
s i x months. 
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Co.urse i n t e g r a t i o n 
L i t t l e work has been done on the use of programmed 
sections i n a course rather than programming the whole 
course. A study on programme i n t e g r a t i o n was carried 
out i n the navy by Wallis et a l (1966). Students 
taught by integrated procedures were f a r superior to 
those having conventional classroom i n s t r u c t i o n and 
these i n turn superior to those taught by the programmed 
method without supervision. 
I n view of the l i t e r a t u r e i t was decided to develop 
a l i n e a r programme. This programming method i s suitable 
f o r a l l ages and appears p a r t i c u l a r l y good f o r teaching 
e s s e n t i a l l y f a c t u a l and unfamiliar material. The 
evidence suggests that overt responses wiiy^e most 
suitable f o r the new material to be learned and f o r the 
age group involved. 
A programmed tex t i s chosen f o r the me^^thod of 
presentation because i t appears to be as e f f i c i e n t as 
machine presentation and the cost i s less. Pupils w i l l 
work i n d i v i d u a l l y but w i l l be externally paced at the 
rate of one programme section per teaching period. 
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Chapter 4 
PROGRAMME CONSTRUCTION I - ANALYSIS 
The w r i t i n g of a learning programme involves a 
number of specific tasks which can be conveniently 
grouped i n t o the analysis of the i n s t r u c t i o n a l material; 
the synthesis of t h i s material i n t o a learning programme 
and programme development. The various procedures 
carried out i n the construction of t h i s programme have 
been grouped i n t h i s way and are set out i n Table 4.1 
Table 4.1 
ANALYSIS 
Stages i n Programme Development 
1. Preparation of Objectives and 
programme s p e c i f i c a t i o n . 
2. Preparation of C r i t e r i o n Test. 
5. D e f i n i t i o n of pre-requisite 
knowledge and s k i l l s . 
4. Selection of Teaching Points and 
Task Analysis. 
5. Sequencing I n s t r u c t i o n Material. 
[ 6. Writing the Frames 
7. Frame Sequence Eveiluation and 
Editi n g , 
I I SYNTHESIS 
^ 8. Validation - an assessment of the 
learning programme based on 
student performance and subsequent 
re v i s i o n u n t i l an acceptable l e v e l 
of attainment i s reached. 
i n DEVELOPMENTAL! 
STAGE 
At the outset a programme w r i t i n g task analysis, Fig 4.1, 
was compiled which i d e n t i f i e s , i n sequence, the major 
tasks to be carried out. Various check and decision 
making points are indicated en route. 
3,1 
Figure 4.1 Programme Construction Task Analysis, 
( A f t e r Callender 1969) 
P. Write Ob; ective 
12 Draft Terminal Test 
I Give Pre-Test 
check I against 
, programme 
objective 
mcorreci 4 Teaching Point Outline 
STOP 
correct z5 I 4 Task Analysis 
(Check against programme 
objective and c r i t e r i o n 
t e s t ) 
ANALYSIS 
are responses relevant? . 
prompts faded? > I 6 Write Frames 
has the programme continuity?) 
I 5 Teaching Sequence 
7 Frame Sequence 
evaluation 
I 7 Edit/Revise 
I 8 Small Group T r i a l 
I Revisi" 
i 8 Field Test 
\ Revise" 
F i e l d t e s t and revise u n t i l 




I 8 Master Validation I 
toEVELOHHEKD 
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This chapter i s , however, pr i m a r i l y concerned w i t h 
the f i r s t group of procedures - the analysis of the 
i n s t r u c t i o n a l material. 
What to programme? 
The choice of programme material depends upon a 
number of factors r e l a t i n g to the programmer, the student, 
the s t a b i l i t y of content material, time and cost and 
upon the a v a i l a b i l i t y of other programmes or resources. 
Whalley (I966) and Kay et al.(1968a) point out that 
the programme w r i t e r should be f a m i l i a r with (a) subject 
content (b) p u p i l age and a b i l i t y (c) teaching techniques 
(d) programming techniques and Leedham and Unwin (1965) 
suggest that a learning programme at secondary l e v e l i s 
b e t t e r attempted by a subject s p e c i a l i s t , who has 
teaching experience at that l e v e l , than by the psychologist 
or don, 
As the researcher i s a geography s p e c i a l i s t , 
teaching i n a Senior (13-18) High School, i t i s appropriate 
that the learning programme to be developed should be 
on a topic i n t h i s subject at the secondary l e v e l . The 
various stages of programme v a l i d a t i o n and the evaluation 
experiment planned necessitate the a v a i l a b i l i t y of a 
f a i r l y large number of pupils. For t h i s reason the 
13 - 14 age group was chosen as the target population 
because i t i s the only age group i n the school where 
a l l pupils study geography. The age and type of student 
w i l l determine not only the content and d i f f i c u l t i e s of 
the concepts introduced but also the programming s t y l e . 
. I t i s now more normal to programme r e l a t i v e l y 
small sections of the syllabus rather than the whole 
course and the learning programme should f i t i n t o the 
course i n a planned way. The modern approach i s to 
consider the whole syllabus and select the subject 
areas which would benefit most from the programmed 
learning method. Physical geography i s included i n 
the school syllabus f o r the f i r s t year^ i n the summer 
term and w i t h i n t h i s area of study g l a c i a t i o n was 
chosen as a p o s s i b i l i t y . 
The topic required f o r t h i s study needs to be 
long enough to provide useful data f o r programme 
v a l i d a t i o n and evaluation. I t must, however, be 
neither too time consuming f o r the pupils as to 
adversely a f f e c t the classes involved nor f o r the 
researcher. A u n i t of the course, such as g l a c i a t i o n , 
would normally have a time a l l o c a t i o n of 5 - 6 teaching 
periods. The estimated time requirement f o r the 
learning programme was also 5 - 6 periods but the time 
required i n the v a l i d a t i o n and evaluation groups would 
be 9 - 10 periods. The reason f o r t h i s i s that i t i s 
necessary here to introduce the programming method, to 
explain the nature of the experiment and to allow time 
f o r the various pre-tests, post-tests, retention t e s t s , 
questionnaire and general i n t e l l i g e n c e t e s t s , 
1 t h i s i s the t h i r d year (15 - 14 year olds) at 
secondary l e v e l . The pupils concerned transferred 
to t h i s school from Junior High Schools at 13+. 
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Writing a learning programme i s a time consuming 
business and the probable usefulness of the finished 
product must be considered at the outset. W i l l the 
demand j u s t i f y the time and expense incurred i n programme 
production? I s there a suitable programme which has 
already been developed? I s there a better method or 
more economical method of teaching the same subject 
matter? 
The suggested topic of g l a c i a t i o n lends i t s e l f to 
the programming method because of the inherent i n t e r n a l 
l o g i c of the subject matter. The content material i s 
also suitable because i t i s u n l i k e l y to change over 
a number of years. The large numbers of pupils studying 
geography at '0' Level would j u s t i f y the time and expense 
incurred. When t h i s study was being planned only part 
of the proposed programme content was available i n 
programme form"^. This was however, unsuitable f o r 
t h i r d form pupils because i t had been developed f o r 
use w i t h 16+ '0' Level students. This material also 
f a l l s i n t o Espich and William's (1967) catyefgory of 
;!;pseudo-programmes' because no v a l i d a t i o n data has been 
produced. The f i n a l question regarding the best method 
i s d i f f i c u l t to answer but the resul t s of t h i s study 
may go some way to provide a so l u t i o n , 
1 G. H i t c h i n Glaciers Wiltshire 1965. 
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1. Developing the Programme Objective 
The content of the learning programme was b u i l t 
up by reference to source material, the c u r r i c u l m , the 
examination syllabus, established texts and also by 
discussions with s p e c i a l i s t teachers. Eikeb|oom 
(1969), however, warns against r e l y i n g solely on 
t r a d i t i o n a l sources. Learning p^ch||logy can be of 
value both i n selection of material and i n the method 
of presenting i t . Observations of learning behaviour 
and a t t i t u d e s while teaching simil a r groups also provide 
useful information f o r the programme w r i t e r . 
The '0' Level requirements on t h i s subject must 
be considered at t h i s stage. The relevant sections of 
i ' 
the G.C.E. Joint Matriculation Board '0' Level Syllabus 
f o r 1971 are set out below, 
•The examiner may set questions on any part of 
the syllabus which involve the i n t e r p r e t a t i o n of 
photographs. 
1. Elements of World Geography ,,.Landforms. 
3. Map reading. The elements of map reading as 
i l l u s t r a t e d i n Ordnance Survey maps'. 
The syllabus gives l i t t l e i n d i c a t i o n of the scope 
and depth of study required by the examiner but some 
i n d i c a t i o n of t h i s can be obtained by a study of recent 
examination papers. The questions which re f e r to some 
aspect of g l a c i a t i o n i n t h i s examination, since 1963» 
are presented i n Appendix ( i ) . From these i t w i l l be 
noted that no question on map i n t e r p r e t a t i o n has been 
given during t h i s period. 
'•^  J. M. B. (1969) General C e r t i f i c a t e of Education 
Regulations and Syllabuses 1971 page 23. 
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I t i s evident from these questions that the examiner 
requires the various g l a c i a l features to be described, 
t h e i r formation explained and an example given. 
I l l u s t r a t i o n s are to be drawn where appropriate, This 
evidence has governed to some extent the range and depth 
of content i n the learning programme. 
A study of a l l sources referred to above provide the 
programme content but an i n s t r u c t i o n a l objective must 
take the form of sta t i n g s p e c i f i c a l l y what the pupil 
must do, i n measurable goals, at the completion of the 
programme, i n order to demonstrate that he has achieved 
the i n s t r u c t i o n a l objective. A programme objective 
describe an intended outcome rather than a description 
or summary of content. I t i s a statement of the desired 
terminal behaviour. I t must be specific and precise. 
Mager (1962) suggests that the programmer w i l l have a 
clear picture of his i n t e n t i n mind and w i l l be able 
to communicate t h i s to his students i f he ( i ) i d e n t i f i e s 
the terminal behaviour by name ( i i ) describes important 
conditions under which the behaviour w i l l be expected 
to occur ( i i i ) describes how well the learner must 
have mastered the subject. 
Pipe (1966) considers that defining the programme 
objective i s the most c r i t i c a l step i n programme 
production. This precise statement of i n t e n t i s of 
use to the programmer i n focusing a t t e n t i o n on the 
sp e c i f i c goal while w r i t i n g the programme and as a 
c r i t e r i o n against which to measure success i n the 
developmental stage of programme production. 
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By s e t t i n g out c l e a r l y what i n fact the programme teaches 
the programme objective provides the teacher w i t h essential 
information when considering i t s inclusion i n a scheme 
of work. I t can also be o i use to the pupils as a 
conspectus of the work to be studied. 
The f i n a l version of the teaching objective of t h i s 
programme i s set out below. I t has been modified and 
re f i n e d as programme construction progressed. 
Learning Programme Teaching Objective 
The p u p i l , by w r i t t e n t e s t , s h a l l display a knowledge 
of the f o l l o w i n g : -
i ) Ice sheets and g l a c i e r s . 
The terms ice sheet, nunatak, iceberg, snowfield, 
snowline, c o r r i e , g l a c i e r , avalanche:- each to be 
described and given a l o c a t i o n where appropriate. 
Movement of the g l a c i e r and ice w i t h i n i t . 
Terms: crevasse w i t h causes, serac, i c e f a l l . 
Moraine and terms l a t e r a l , medial and terminal moraine. 
I l l u s t r a t e d description and explanation of a moraine-
dammed lake with example, 
i i ) I n the highlands of B r i t a i n , glaciers eroded the 
surface. The formation of the r e s u l t i n g features; 
c o r r i e s , aretes and U-shaped valleys-with t h e i r 
hanging valleys, w a t e r f a l l s and ribbon lakes to be 
described. Corries, aretes and U-shaped valleys 
i l l u s t r a t e d . 
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One example of a c o r r i e , an arete, a U-shaped valley 
and ribbon lake given. 
i i i ) I d e n t i f i c a t i o n of g l a c i a l features l i s t e d , as 
presented on a 1" Ordnance Survey map of a highland 
area:- arete, c o r r i e , U-shaped va l l e y , hanging vall e y , 
ribbon lake, 
i v ) During the Ice Age deposition occurred i n the 
lowlands. Depositional features include boulder 
clay, drumlins, e r r a t i c s and eskers. Each feature 
to be described, explained and an example given. 
Preliminary Programme Specification 
At t h i s point i t i s necessary to specify the type 
of p u p i l f o r which the programme i s intended and the 
setting i n which i t w i l l be used. A statement must 
also be made of what the c r i t e r i o n performance of the 
learning programme i s to be. 
Target population - f i r s t year pupils i n a Senior High 
School where entrance i s at 13+ as a res u l t of guided 
parental choice. Above average i n t e l l i g e n c e . 
English speaking, 
G.C.E. '0' Level i n view. 
Restraints The programme to be designed for use i n the 
school s i t u a t i o n . 
Tolerance A Gain Ratio"^ of over 1.2. This i s a measure 
of the learning which occurs as a dir e c t result of 
studying the learning programme. 
1 discussed i n more d e t a i l on page 74. 
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2. C r i t e r i o n Test 
At t h i s point a c r i t e r i o n test i s constructed. 
This t e s t i s completed by the pupils a f t e r studying the 
learning programme. The t e s t affords evidence of the 
success of the programme i n achieving i t s goals, A 
perfect programme would provide 100?^  success f o r a l l 
p u p i l s . However, i n practice the programme i s revised 
u n t i l i t achieves an acceptable l e v e l of success i n 
t h i s case a Gain Ratio of more than 1.2,^test i s also 
given as a pre-test to permit an analysis of learning 
gains. I f a very high proportion of the questions are 
answered co r r e c t l y at the pre-test stage study of the 
programme by the pupils i s unnecessary. 
P a r t i c u l a r care must be taken with t e s t construction 
because a major part of programme v a l i d a t i o n i s carried 
out on evidence supplied by answers to the t e s t . The 
t e s t must be w r i t t e n i n clear and unambiguous terms. 
The c r i t e r i o n t e s t covers items of f a c t u a l knowledge, 
of comprehension of p r i n c i p l e s and of a b i l i t y to deduce 
from p r i n c i p l e s . I t i s objective i n nature (Brown 1966). 
There are a r e l a t i v e l y large number of items which can 
be accurately marked. Each item i n the t e s t covers a 
s p e c i f i c point i n the programme objective so that no 
overlapping occurs. The large number of short questions 
permit the whole learning programme content to be tested. 
Many of the questions axe of the open-ended v a r i e t y ' 
r e q u i r i n g short answers often of one word. These test 
items ask a single, precise question to which there i s 
a single correct answer. 
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Other questions require a d e f i n i t i o n or short description. 
I n t h i s i n v e s t i g a t i o n these questions can be accurately 
marked because only one sp e c i a l i s t teacher i s involved 
i n t e s t i n g . The test construction permits rapid accurate 
marking. 
Any tes t used as a c r i t e r i o n f o r progranme v a l i d a t i o n 
must be v a l i d and r e l i a b l e . A test i s ' v a l i d ' when i t 
measures accurately the s p e c i f i c a b i l i t y i t purports to 
measure. I n practice i t i s assumed that a subject te s t 
f o r school use which i s c a r e f u l l y constructed on a 
detailed t e s t schedule i s inherently v a l i d f o r that 
s p e c i f i c purpose, (Brown 1966). This i s called content 
v a l i d i t y . Content v a l i d i t y i s especially important i n 
achievement t e s t i n g . The c r i t e r i o n t e s t i n question has 
t h i s content v a l i d i t y because i t was c a r e f u l l y constructed 
on a detailed learning programme objective which not 
only i d e n t i f i e s the subject matter but also the behavioural 
outcome to be measured. 
One of the characteristics of a good measuring 
iistrument i s that i t should give the same measurement 
of the same th i n g on d i f f e r e n t occasions. I f i t does 
i t i s r e l i a b l e . (Examinations B u l l e t i n No.3 1964). A 
r e l i a b i l i t y c o e f f i c i e n t of 0.79 i n d i c a t i n g the s t a b i l i t y 
of the t e s t scores i s recorded. I t was calculated on a 
t e s t - r e t e s t over a one month i n t e r v a l . i n the f i n a l 
programme v a l i d a t i o n . 
11 Using post-test and retention t e s t scores (Appendix x±), 
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The c r i t e r i o n t e s t also underwent amendments i n the 
course of programme development. At f i r s t two p a r a l l e l 
tests were used as a pre-test and post-test. I n the 
f i n a l v a l i d a t i o n the same te s t was uaei as a pre-test, 
post-test and r e t e n t i o n t e s t so that knowledge gains 
could be more accurately ascertained. This te s t w i t h 
answers and mark scheme are presented i n Appendix ( i i ) * 
ttsing poet -test and rsfcention teat, BOorsB (Appendix -x^r). 
3. Define the Pre-requisite Knowledge and S k i l l s . 
This learning programme i s w r i t t e n f o r pupils of 
above average intelligence"^ who l i v e mainly i n an urban 
i n d u s t r i a l environment and have been educated i n the 
English school system. Because of the researcher's 
teaching experience with pupils of t h i s type i t was 
possible to make reasonable assumptions about pupil 
i n t e r e s t s , reading a b i l i t y and possible attainment. 
I t i s assumed that the pupils w i l l have l i t t l e 
knowledge of g l a c i a t i o n . However, i n order to follow 
i n s t r u c t i o n s and carry out interpretations the pupil 
w i l l need to understand d i r e c t i o n , four f i g u r e Ordnance 
Survey map references and the concept of contours. 
Because of the varied educational experience of the 
pupils before entry to the school at 13+ i t i s not known 
whether t h i s knowledge exi s t s . For t h i s reason three 
2 
a d d i t i o n a l questions were included i n the pre-test 
to establish the p o s i t i o n , 
1 F i e l d Test 2 pupils had a mean General Intelligence 
score of 85,63 - AH 4 Group Test of General I n t e l l i g e n c e , 
2 Appendix ( i i ) Questions 1, 2 and 3 i n Test 4. 
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4. Teaching Point and Task Analysis. 
Espich and Williams (1967) c l a s s i f y each piece of 
knowledge according to the necessary student involvement. 
They recognise ( i ) An exposure l e v e l - enrichment material 
r e q u i r i n g no r e t e n t i o n , ( i i ) A recognition l e v e l 
r e q u i r i n g broad discriminations only, ( i i i ) A r e c a l l 
l e v e l where the pu p i l i s able to define a term i n his 
own words, ( i v ) A memory l e v e l - repeat verbatum. 
(v) A concept l e v e l - here f i n e discriminations and 
the a b i l i t y to generaliize are required. Basically t h i s 
involves the application of knowledge. 
A recognition of the l e v e l of learning required 
f o r each objective f a c i l i t a t e s programming. Exposure 
l e v e l and recognition l e v e l learning w i l l require less 
a t t e n t i o n i n terms of i n s t r u c t i o n a l frames and practice 
frames than r e c a l l , memory and conceptual learning. 
Table 4.2 i s a comprehensive l i s t of the teaching 
point and task requirements necessary to s a t i s f y the 
i n s t r u c t i o n a l objective of the programme. 
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-Table 4.2 Teaching Point and Task Analysis 
Teaching point Define/ describe Explain 
Example/ 
locat i o n Diagram 
I d e n t i f y 
on O.S. map 
ice sheet / . 
nunatak 1/ 
iceberg / y y 
snowfield / y 
snowline / 
c o m e 
gl a c i e r / y 
avalanche l / 
movement of ice >/ 
crevasse l / 
s^rac / 
i c e f a l l •J 
moraine / 




lake / y y 
glaciers erode 
highlands / y 
corries 1/ y 
a r ^ e s i / / / / 
U-shaped valleys i/ / y 
hanging valleys / • y 
w a t e r f a l l s / 
ribbon lakes ^/ ^y y 
Ice Age / 
glaciers deposit 
i n lowlands / 
boulder clay / >/ y 
drumlins / y 
e r r a t i c s i / / 
eskers J / 
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Which programming method? 
Now that the i n s t r u c t i o n a l material has been 
analysed a decision can be made upon which of the 
available programming methods w i l l be best suited to 
the i n s t r u c t i o n a l task. The selection i s made on the 
basis of the programme objectives and the learners. 
The c h a r a c t e r i s t i c s and properties of the available 
programming techniques are reviewed at t h i s point. 
Linear progrflTnming I n s t r u c t i o n a l material i s 
presented i n small steps called frames. Every student 
pursues a st r a i g h t course through the programme, 
responding to each frame and has the response 
immediately confirmed before proceeding to the next 
step. Responses are normally constructed and the frame 
so worded that the student w i l l achieve a high success 
r a t e , say 90^ - 959^ , on frame response. The li n e a r 












This programming method i s ef f e c t i v e f o r a l l age 
and a b i l i t y l e v e l s . I t i s p a r t i c u l a r l y good f o r 
adolescent learners because the technique i s r e l a t i v e l y 
simple and there i s a high l e v e l of response and re-
inforcement. Detailed information, new terminology 
or previously unknown topics, f a c t u a l material, drawing 
diagrams or bu i l d i n g up concepts are suited to t h i s 
method. I f the learners are evenly matched a l i n e a r 
programme may handle a l l students successfully. I f 
i n d i v i d u a l a b i l i t y i s highly variable modifications 
can be introduced. 
Skip-linear programming I f a wide learner a b i l i t y 
range exists some pupils w i l l require more practice and 
review items than others. This d i f f i c u l t y may be overcome 
by introducing skip sequences at appropriate points i n t o 
the l i n e a r programme. Here students can be directed to 
skip a sequence of frames a f t e r giving a correct response 
to a key 'test ' frame. An incorrect answer results i n 
the normal sequence being followed i n order to obtain 
f u r t h e r information and practice. 
Frame 







21 X 22 
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Linear with branching sequence A l t e r n a t i v e l y 
a high error rate at a p a r t i c u l a r point can "be overcome 
by d i r e c t i n g these students along a sub-sequence of 
frames designed to correct the p a r t i c u l a r error made. 








1 17 \ 
additional 
information 
Branching or I n t r i n s i c programming The frame 
size and the teaching material included i n i t are much 
larger than i n a l i n e a r programme. The teaching material 
i s followed by a multiple-choice question. One of the 
choices i s correct and i s followed by the next frame 
along the main stream of the programme. An incorrect 
choice r e s u l t s i n a detour designed to explain mistakes, 
and give additional information or practice before a 
r e - t e s t . The branching programme i s designed, through 
i n t e r a c t i o n w ith the student, to present him wi t h adaptive 
t u t o r i a l i n s t r u c t i o n based on his own responses. 
Branching programmes can be produced i n scrambled textbook 






A A^^ A A A ^ 
IC 
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Branching programmes are good f o r teaching concepts 
f o r which a background already exists or f o r topics on 
which several opinions exist or need to be explored. 
They are also suitable f o r recognition knowledge and 
f o r comparisons between topics. This programming technique 
i s best w i t h students who have a mental age of over 11. 
I t can be w r i t t e n on a s t y l e which demands less overt 
response* 
I n recent years programmers have tended to adhere 
less r i g i d l y to one type of programme presentation and 
now programmes are being produced which employ both l i n e a r 
and branching methods i n one programme. Rowntree (1969) 
c a l l s f o r a mixture of methods i n what he terms ' t u t o r i a l 
programming * vi z . the use of the programming style best 
suited to the i n s t r u c t i o n a l objective. This greater 
v a r i e t y should reduce problems of boredom. 
I t appears that l i n e a r and branching methods of 
programming are w i t h i n the scope of most teachers a f t e r 
a r e l a t i v e l y short period of i n s t r u c t i o n . Mathetics and 
computer assisted programming, however, require a lengthy 
and specialized t r a i n i n g and can only be undertaken by 
s p e c i a l i s t s i n programming. 
Af t e r taking i n t o account the student age and a b i l i t y 
and the content of the proposed learning programme i t appears 
that the l i n e a r s t y l e of programming w i l l be most appropriate 
f o r t h i s i n v e s t i g a t i o n . 
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The l i n e a r programme i s p a r t i c u l a r l y good for the 
adolescent student with i t s r e l a t i v e l y high l e v e l of 
response and reinforcement. The l i n e a r programming 
technique i s best suited to the content material. 
This material i s new to the students, i s detailed and 
f a c t u a l and requires the use of sketches and diagrams 
to f a c i l i t a t e concept development. I f the need becomes 
apparent, i n the developmental stage, skip sequences 
or a l i m i t e d number of branches can be introduced i n t o 
the l i n e a r programme sequence. 
I t i s intended to use constructed responses i n the 
programme because of student age and because of the 
nature of the c r i t e r i o n t e s t which requires w r i t t e n 
verbal and diagrammatic answers. I t i s , however, evident 
from research that covert responses ( t h i n k answers) can 
be as e f f e c t i v e i n some cases and they add to a v a r i e t y 
of s t y l e . The disadvantage of covert responses to the 
programme w r i t e r i s that there i s less evidence on which 
to base programme improvements. 
Which media? 
Most programmes begin on paper but can be transferred 
i n part or t o t a l to f i l m , t e l e v i s i o n or tape. This can 
occur only i f f a c i l i t i e s are available to the programmeer 
f o r production and also to the student who i s to use the 
programmed material. The majority of programmes i n use 
are of the pencil and paper v a r i e t y . This i s the medium 
chosen f o r t h i s learning programme. 
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Book- or Machine? 
Programmes produced i n book form are low i n cost 
and are adaptable to a number of programming techniques. 
Machines may be motivational at the secondary l e v e l and 
are 'cheat p r o o f , that i s the learner must respond 
before checking his response. Research, however, 
suggests that seeing the answer f i r s t does not af f e c t 
the learning which takes place. Machines are costly 
and much more bulky thus r e q u i r i n g considerable storage 
space. The programme i t s e l f i s much more durable i f on 
f i l m . Prom the cost angle i t i s necessary to use the 
book v a r i e t y here but the evidence suggests that t h i s 
i s not a disadvantage. 
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Chapter 5 
' PROGRAMME CONSTRUCTION I I - SYNTHESIS 
Now that the proposed programme material has been 
analysed the task i s to construct the learning programme. 
At f i r s t a planned sequence i s considered, followed by 
the w r i t i n g of i n d i v i d u a l frames. A preliminary check 
on the purpose and arrangement of the frames and also 
programme layout follows before the embryo programme 
i s ready f o r i n i t i a l t e s t i n g by the student, 
5. Sequencing I n s t r u c t i o n a l Material Espich and Williams 
(1967) point out that a programme must have a methodical 
l i n e of development as we l l as continuity and cohesion. 
Several methods ranging from the s t r i c t l y l o g i c a l method 
of the RULEG system to pragmatic methods have been 
suggested f o r the ordering or sequencing of learning 
programme content. They a l l , however, agree that i t i s 
essential to have a detailed analysis of the programme 
objectives and the i n s t r u c t i o n a l material necessary to 
obtain these objectives as a s t a r t i n g point. A summary 
i s given of some of these methods before that used i n 
the construction of t h i s programme i s outlined. 
The ruleg system (Evans, Glaser and Homme 1960) 
was one of the e a r l i e s t attempts to formalize the 
production of frames and t h e i r sequencing. I n t h i s 
system the subject matter i s c l a s s i f i e d i n t o rules (RU's) 
and examples (EG's). A l o g i c a l sequence of the rules 
i s entered on a RU-matrix - a graphic representation 
of the relationships between a l l the rules included i n 
the goal. 
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The frames are then w r i t t e n . This system i s complex 
and assumes that the material to be programmed consists 
of rules and examples, Ruleg programmers f i n d the method 
p a r t i c u l a r l y good f o r maths and science topics. 
I n Mechner's system (1961) the programme topic i s 
divided i n t o between f i v e and twenty sections which 
are entered on red index cards. The material entered 
on each of these i s sub-divided and entered on yellow 
cards. The next sub-division i s entered on green cards 
and the f i n a l one, which consists of basic concepts, on 
blue cards. Each blue card provides the material f o r 
from f i v e to ten frames. These items are then entered 
on a flow chart to f a c i l i t a t e the arrangement of the 
subject matter u n i t s , 
G i l b e r t (1962) devised a complex system called 
mathetics f o r organising and sequencing a learning 
programme. This method applies systematically the 
p r i n c i p l e of reinforcement theory to the analysis and 
reconstruction of learning material. One of the basis 
concepts of mathetics i s to s t a r t w i t h the most 
motivating task. With s e r i a l tasks t h i s i s l i k e l y to 
be the l a s t operation which completes the process. 
The entire chain of operations i s displayed to the learner 
who then completes the l a s t task i n the chain, followed 
by that which immediately precedes i t and so on. With 
non-serial sequences the most d i f f i c u l t sequence i s 
often taught f i r s t . The method i s thus designed to 
provide the greatest re-inforcement, 
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Many w r i t e r s have followed a much more pragmatic 
approach to programme w r i t i n g . An essentially subjective 
approach i s advocated by Skinner (1954), Holland (I96O), 
Klaus (1960), Mark^i. (I964), Pipe (1966), Callender (1969) 
and others. 
There i s general agreement on the need f o r a specific 
and detailed o u t l i n e of the programme objectives and the 
establishment of the c r i t e r i o n behaviour before actual 
w r i t i n g of the programme beliavioia? begins. The programmer 
then has i n mind the s p e c i f i c responses the student i s 
intended to possess, a f t e r completing the programme, 
together w i t h the context i n which these responses are 
to be made. 
Skinner (1958) suggests that the use of textbooks 
and expert advice should come l a t e i n programme development 
because he fears the influence of the t r a d i t i o n a l 
presentation of the material. Other programmers, the 
author included, prefer a wide consultation of varied 
source material'at the outset. 
The synthesis of the various concepts int o a viable 
teaching sequence can not be l a i d down but must take i n t o 
accoxmt the i n s t r u c t i o n a l material, p u p i l a b i l i t y , pre-
knowledge and motivation. 
Sequencing i n t h i s programme The estimated time 
requirement f o r the programme i n question was f i v e 
teaching periods. A preliminary survey of the 
i n s t r u c t i o n a l material resulted i n the decision to sub-
divide the work i n t o f i v e u n i t s called sections, which 
fo l l o w the natural subdivisions of the material^each to 
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be worked during one teaching period of 55 - 40 minutes. 
Various solutions were studied before the section order 
and content were f i n a l i s e d . This i s l i s t e d i n Table 5.1. 
Table 5,1 Sectional Content of the Learning Programme 
Section 1 Ice Sheets and Glaciers 
Section 2 Glaciers 
Section 3 Glacial Features i n Mountainous Areas 
Section 4 Glacial Features on an O.S. map 
Section 5 Glacial Features i n a lowland Area 
The material i n sections 1 - 4 i s concerned mainly 
with glaciers and g l a c i a l erosion i n highland areas 
while section 5 concerns g l a c i a l deposition i n lowland 
areas. The pupils were considered to be more f a m i l i a r 
with the material i n s e c t i o i ^ ; therefore the aim was to 
revise and increase knowledge i n t h i s area and to use 
t h i s platform to extend the pupils' experience. Section 
2 i s concerned w i t h the processes of erosion before 
considering the r e l i e f forms r e s u l t i n g from t h i s erosion 
i n section 3. Map i n t e r p r e t a t i o n of these r e l i e f forms 
follows closely i n section 4. Concepts included i n 
section 5 are perhaps of less significance and are also 
completely new to most pupils. 
This discussion i l l u s t r a t e s the point that a knowledge 
of the a b i l i t y , pre-knowledge and motivation af the pupils 
as w e l l as of learning theory and teaching techniques 
assists i n the sequencing of learniug material. This 
knowledge also f a c i l i t a t e s sequencing material w i t h i n 
each of the sections. 
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Table 5,2 gives the order i n which the concepts are 
presented i n each section i n the programme. Care i s 
taken at t h i s stage t o see that the plan f i t s the 
programme objective w i t h precision, non relevant 
material i s deleted. 
Table 5.2 Teaching Point Arrangement w i t h i n Programme 
Sections 
Section 1 







g l a c i e r 
Section 3 
ice erodes i n highlands 
c o r r i e + example 
arete + example 
U-shaped vall e y + example 
hanging val l e y 
w a t e r f a l l s 
ribbon lake + example 
Section 2 
example of vall e y v l a c i e r 
movement of ice 
crevasse w i t h causes 
serac 
i c e f a l l 
moraine + kinds 
moraine-dammed lake + example 
Section 4 
recognition of the following 











deposition i n lowland areas 
boulder clay 
drumlins 
e r r a t i c s 
eskers 
I n t h i s programme the nature of the i n s t r u c t i o n a l material 
frequently permits the e x p l o i t a t i o n of subject logic as a 
theme f o r the sequence. For instance, i n section 1 the 
iceberg follows from a knowledge of movement i n the ice 
sheet, i n section 2 the knowledge of a terminal moraine 
helps to explain the moraine-dammed lake and a serac follows 
from an understanding of a crevasse. I f the material can 
be arranged i n an i n t e r e s t i n g or compelling way i t w i l l 
have more chance of success. For t h i s reason a developmental 
order which proceeds from the known to the unknown or from 
the simple to the complex i s prefered i n some instances. 
Several modifications were made to the o r i g i n a l plan 
as a r e s u l t of f i e l d t e s t i n g before a r r i v i n g at the f i n a l 
p r e s c r i p t i o n as set out above. Thus the development of 
the i n s t r u c t i o n a l sequence involves p r a c t i c a l experience 
and empirical t e s t i n g as w e l l as some knowledge of learning 
theory. 
6. Wr i t i n g the Frame 
For reasons already stated a l i n e a r constructed response 
mode has been selected as the type most appropriate f o r t h i s 
programme. I t i s planned to arrange the teaching frames i n 
v e r t i c a l sequence f o r ease of assembly and the accommodation 
of diagrams. 
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A l i n e a r programme requires the student to work 
through the sections of the programme i n sequence and 
also r e f e r s him to addit i o n a l information from time to 
time. 
The frame i s the basic u n i t of a learning programme. 
I t i s usually f a i r l y short and consists of three parts: 
( i ) some basic information which i s presented to the 
student ( i i ) the student i s required to make at least 
one response ( i i i ) he checks his response against the 
desired response. The correct response i s given at the 
beginning of the next frame. An i l l u s t r a t i o n of a 
t y p i c a l frame layout taken from section 1 of the 
programme i s given i n Figure 5.1. The complete learning 
programme i n i t s f i n a l form appears i n Appendix ( i i i ) . 
Pig. 5.1 The three Components of a Frame 
Frame 
15 
Because the temperatiire decreases as you ascend 
(go up) a mountain, permanent snow w i l l be found at 
the of many mountains, 
" top 
I f the mountain i s enough permanent snow 
w i l l be present, even near the Equator, 
high 
57 
• Any additional information which i s required f o r 
p u p i l reference such as longer passages of t e x t , maps 
or atlases, sketches or diagrams, data or photographs i s 
presented separately as a panel. The frame refers the 
p u p i l to the relevant panel for study at appropriate 
points. A n\imber of panels are included i n the learning 
programme. 
The rationale of a constructed response programme 
i s that the p u p i l learns the response that he makes; 
therefore i t i s important that the response that he 
i s required to make i s something which i s to be le a r n t . 
I t i s also h e l p f u l that he should respond co r r e c t l y so 
that he w i l ^ o t be discouraged by frequent f a i l u r e . 
A frame response error rate of less than 59^  f o r key 
frames^ and less than lOfo o v e r a l l i s the general aim 
but a s t r i c t adherence t o t h i s i s not e n t i r e l y appropriate. 
Taber et a l . (1965) wam^ s) against being over-cautious 
about student error rate and a number of programmers 
hold the view that some student errors are not e n t i r e l y 
undesirable. Thus an incorrect answer may occasionally 
be used by the programmer to point out general 
misconceptions or to focus a t t e n t i o n on d e t a i l s . I f 
the student i s occasionally allowed to guess the answer 
before a teaching sequence or to express an opinion his 
i n t e r e s t may be aroused. 
Generally speaking, however, the programmer aims f o r 
a low error rate and several means are used to ensure 
t h i s . 
1 A t e s t frame w i t h i n the programme which follows a 
teaching sequence. 
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The- material must be presented i n an unambiguous way 
and w i t h an a t t r a c t i v e layout. The steps must be 
challenging but not too large f o r the target population. 
I t i s usual f o r only one concept to be understood or 
one f a c t to be learned to be introduced at a time. 
The programmer also uses various cues or prompts to 
guide the student to the ultimate programme objective. 
As the student becomes more f a m i l i a r w i th the new 
material the prompts are progressively withdrawn or 
faded u n t i l they are _ f i n a l l y removed. 
Prompting A niimber of prompting techniques are 
used by the programmer i n the i n s t r u c t i o n a l part of 
the frame i n order to guide the learner to a new 
behaviour pattern. These prompts may be grouped i n 
two broad d i v i s i o n s , each having d i f f e r e n t functions 
i n c o n t r o l l i n g student behaviour. They are formal 
prompts and thematic prompts. 
The formal prompt gives the student information 
about the structure of the response he i s to make. 
Examples of t h i s type taken from the programme are 
those which indicate by a response blank the number 
of words required or give i n i t i a l l e t t e r s or introduce 
a r e s t r i c t i o n w i t h the use of 'a' or 'an' or indicate 
possible a l t e r n a t i v e s . Emphasis prompts such as those 
which underline a key word or use capitals are included 
i n t h i s group. 
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The thematic prompt operates as a cue because of 
i t s theme or meaning and includes a l l cases where guidance 
comes from the context. This type i s used most frequently. 
I n t h i s study the cue makes use of both verbal and visual 
s t i m u l i . The prompt may commiinicate correct ideas i n 
the form of stated rules or examples or i n the l o g i c a l 
development of a theme or sequence of an argument. 
The s i m i l a r i t y of ideas or contrasts also has i t s place. 
I f the prompt i s given i n the previous frame i t i s 
often referred to as a temporal or sequence prompt. 
A copy prompt requires the student to copy given 
information only. As i t i s of dubious worth, however, 
i t i s used only sparingly. 
The Response A w r i t t e n response mode i s used i n 
the programme. The w r i t t e n response made by the pupil 
at each stage i s to be entered on a prepared answer 
sheet. 
I n programme construction the response required 
from the student should be as close as possible to 
the required behaviour. I t follows that the frame 
responses called f o r should include a l l types used 
i n the c r i t e r i o n t e s t . Also a va r i e t y of response 
type should be included to add in t e r e s t and thus 
assist i n student motivation, 
A summary of response types used i n the programme 
follows and actual examples used are indicated. 
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( i ) The missing word (or words) i s indicated by a 
blank space as i n frame 14 section 1. 
( i i ) Binary choice - here one of the two answers given 
must be chosen as the correct answer; f o r example, 
bigger/smaller i n frame 22 section 3, more/less 
i n frame 2 section 5 and warmer/colder i n frame 
3 section 5. 
( i i i ) The student i s required to f i n d the answer to a 
st r a i g h t question. The answer i s normally one 
word. The information i s given i n the frame 
or a panel and the student has to select the 
answer or solve a problem using the information. 
Frame 6 section 1 and frame 5 section 2 i l l u s t r a t e 
t h i s type. 
( i v ) Open-ended questions are used occasionally as 
i n frame 9 section 1 where the request i s 
'describe i t i n your own words'. 
(v) Diagrams, photographs and maps are used extensively 
and a v a r i e t y of response modes i s employed here. 
A diagram has to be completed i n frame 30 
section 2; a feature labelled i n frame 27 
section 2; features on a diagram i d e n t i f i e d from 
a multiple-choice l i s t i n frame 25 section 3. 
I n frame 7 section 4 the student i s required 
to draw a contour map from a description. Using 
an O.S, map the student measures distance i n 
frame 13 section 4, counts t r i b u t a r i e s i n frame 
15 section 4 and i d e n t i f i e s g l a c i a l features i n 
frame 10 section 4. 
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Fading or Yanishing The programmer uses prompts 
i n order to guide student beliaviour at the beginning 
of a teaching sequence. As the sequence proceeds the 
student i s given less and less help - the prompts are 
faded - u n t i l , f i n a l l y , the student responds correctly 
without any help i n a t e s t frame which contains no 
prompt. 
Types of Frames Di f f e r e n t kinds of frame 
sequences are required i n order to modify behaviour 
i n d i f f e r e n t respects. Within the programme section 
a number of frame types are used, each having a 
d i f f e r e n t function. The learning programme section 
begins w i t h an introductory frame or frames followed 
by a number of frames dealing with each teaching point 
and closes w i t h a review or summary of the work covered 
i n the sectipn. 
The sequence of frames used to teach one concept 
can be subdivided i n t o ( i ) a teaching component, ( i i ) 
a practice component and ( i i i ) a te s t component. 
Teaching frames present the learner w i t h new information 
i n a l o g i c a l sequence. These frames are based on the 
teaching point o u t l i n e . The frames contain a prompt 
i n order to ensure maximum possible success. Then the 
student should be given practice i n order to reinforce 
the desired behaviour and t h i s practice should vary i n 
form and content. I>uring practice the strength of the 
prompt i s gradually faded. At the end of each teaching 
sequence there should be c r i t e r i o n or key frames which 
t e s t the learner on the concept taught. The test frame 
must contain no prompt. 
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• Each programme section begins with an introductory 
sequence. The student may be asked to respond to some 
behaviour w i t h which he i s f a m i l i a r and then teaching 
begins from t h i s base. The frames may recall material 
known by the student or revise work i n previous sections. 
Review sequences repeat essential elements of 
previous learned material or summarise the work i n 
progress. These frames may be interspersed i n the 
section. A f t e r several related points have been taught 
a frame may be used to review and te s t a l l the concepts 
together. 
l i n k i n g the Teaching Points. Each section of the 
learning programme contains a number of teaching points 
which must be linked i n some way so that the programme 
has u n i t y . Becker (I964) outlines a number of techniques 
which can be used to re l a t e teaching points i n order to 
produce an integrated programme. 
Chaining - the response to one stimulus i s used as part 
of the next stimulus. 
Dovetailing - the new teaching point i s introduced 
before the completion of the present teaching point 
sequence. 
Webbing - teaching points are linked together through 
common s t i m u l i or common responses. I n t h i s way new 
material i s linked w i t h as much of the student's past 
experience as possible. 
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Counterpoint - x's followed by o's on alternate pages 
appear to merge and becomewhen the pages are f l i c k e d 
through. I f two concepts are discussed a l t e r n a t i v e l y 
they too w i l l appear to merge. 
These techniques are used i n the programme and, 
together w i t h introductory frames and summeiry frames, 
serve to present the section as one recognisable u n i t 
w i t h a s p e c i f i c purpose rather than a c o l l e c t i o n of 
many iso l a t e d parts. The programme should read easily 
and flow smoothly, with each sequence neatly i n t e r l o c k i n g 
w i t h those which precede and follow i t . 
Motivation Throughout programme w r i t i n g student 
motivation must be considered f o r i f the student loses 
i n t e r e s t and f a i l s to complete the work the programme 
objective cannot be achieved. I t i s true that the 
studeniB attempting t h i s programme w i l l be examination 
candidates, therefore they w i l l have an added external 
motive f o r perseverance but i t i s also true that many 
of them w i l l not be dedicated students. Any f a c t o r 
included i n the programme which contributes t o 
motivation wilD^ontribute to the learning which w i l l 
occur. 
A t t e n t i o n can be focused and persistence fostered 
by providing a clear and a t t r a c t i v e programme layout. 
Content material should be presented i n a way l i k e l y 
to arouse and hold i n t e r e s t , and a u x i l i a r y material 
may be included f o r enrichment or to provide continuity. 
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A v a r i e t y of response types should be considered and 
correct response rates should generally be high f o r 
those who are working w e l l . The programme must, 
however, be challenging - i f i t i s too easy boredom may 
set i n , 
7. Frame Sequence Evaluation and Editing 
Once the programme i s w r i t t e n i t i s given repeated 
empirical t r y - o u t s , interspersed with revisions u n t i l 
i t s performance matches that formulated i n the programme 
planning stage. This process i s very time-consuming and 
Bjerstedt (1967) suggests that much time can be saved 
by a systematic examination of the programme materials 
before empirical t e s t i n g . 
The most frequent f a u l t s i n programming at t h i s 
stage are too l i t t l e or too much prompting, lack of 
practice items, f a i l u r e to fade prompts, inclusion of 
i r r e l e v a n t material and i r r e l e v a n t responses, the 
occasional e l i c i t i n g of material before i t i s taught, 
f a i l u r e to integrate teaching points and the absence 
of smmary and c r i t e r i o n items. 
I n order to eliminate these mistakes at an early 
stage i t i s useful to take an inventory of the f i r s t 
d r a f t of the programme. The programmer can then see 
what the re l a t i o n s h i p i s between items and adjustments 
can be made before typing and duplicating the f i r s t 
v a l i d a t i o n copies. 
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During the v a l i d a t i o n runs, i f any weakness becomes 
apparent, i t can be quickly ascertained how many frames 
have been allocated to the concept concerned and also 
how i t f i t s i n t o the o v e r a l l pattern of the programme. 
I n the f i r s t d r a f t of the programme a minimum of 
prompts and practice should be used (Markle 1964). 
Empirical t e s t i n g i n programme development w i l l show 
i f and where ad d i t i o n a l frames are necessary u n t i l the. 
optimum l e v e l i s reached. I f unnecessary material i s 
included at the outset i t i s not possible to pinpoint 
redundant material. 
Analysis and Recording of Learning Programme Structure. 
A number of methods of analysing and recording programme 
structure have been proposed. Some are compiled before 
w r i t i n g the programme, some as i t i s being w r i t t e n or on 
completion of a small section and som^^hen the programme 
has been w r i t t e n . The information recorded may include 
the number and lo c a t i o n of frames f o r each teaching topic, 
frame content, frame function and the programming 
techniques used. The purpose of the exercise also varies. 
The chart may be compile(^o assist the programmer by 
forecasting his requirements, i t may help him to focus 
on a p a r t i c u l a r point while w r i t i n g the frames or may 
assist i n 'trouble-shooting' i n the immediate post -
w r i t i n g phase. I t w i l l be suggested that such a chart 
could serve to c l a r i f y the reason f o r f a i l u r e of a 
frame or teaching sequence during the analysis of 
f i e l d t e s t data. 
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Survey of proposed systems A number of methods of 
recording programme structure are considered at t h i s 
point before describing the system which has been 
developed i n t h i s study, 
Thomas et a l . (1963) devised the 'flow-chart* 
which was to be constructed before frame w r i t i n g . 
The frames are categorized to i l l u s t r a t e the content 
and f u n c t i o n of frames i n a l i m i t e d way. Rules (R), 
examples (E), generalisations (G) and discriminations 
(D) are p l o t t e d f o r each teaching point. This arrangement 
makes evident the fading of prompts and the loc a t i o n of 
revisionary material. The system allows a survey of the 
number of frames and the ove r a l l teaching pattern f o r 
each teaching point. L i t t l e information i s available 
w i t h i n each of these. A large proportion of a l l frames 
are shown as examples. The aim of t h i s flow chart i s to 
assist the novice programmer but the system assumes that 
he w i l l be able to estimate the number and type of frames 
he w i l l require to achieve his objective, 
Becker (1964) suggests compiling a flow chart a f t e r 
a short section, say 40 frames, of the programme has 
been w r i t t e n . The function of his chart i s to enable 
the novice programmer to check his e f f o r t s i n adhering 
to the p r i n c i p l e s of programming. He uses geometric 
symbols to p l o t the use of four programming techniques 
( i ) a frame with a temporal prompt, ( i i ) a frame with 
any other prompt, ( i i i ) a frame with no prompt and ( i v ) 
a frame w i t h material mentioned but not taught. 
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Errors such as i r r e l e v a n t frames, numbers of frames, 
f a i l u r e to fade prompts, too few practice frames, 
f a u l t y teaching point i n t e g r a t i o n and material which 
i s e l i c i t e d before being taught become evident with 
the use of t h i s 'inventory*. This system i s of 
l i m i t e d use, however, because i t considers programme 
teaching techniques only. I t f a c i l i t a t e s f a u l t 
f i n d i n g i n a r e s t r i c t e d area and i s of use i n the :. 
immediate post-writing phase of programme construction 
only. 
An extension of t h i s system was proposed by 
Hartley (1964b). Geometric symbols were used to 
p l o t three functions of frames ( i ) introduce a new 
r u l e , ( i i ) rule with example or examples, ( i i i ) 
p ractice frame and combined w i t h these the use of 
a prompt, of no prompt, of thematic prompts and 
formal prompts which are shown by degrees of shading. 
Other functions such as ( i v ) d i r e c t i n s t r u c t i o n , 
(v) summary, ( v i ) t e s t and ( v i i ) no response required 
were p l o t t e d w i t h l e t t e r s . Increased information 
including the purpose of the frame was included i n 
t h i s system which i s simple f o r the novice to use. 
Franklin's (1964) system concentrates on the 
fu n c t i o n of each frame which must be plo t t e d as the 
programme i s w r i t t e n . Five types of frames are 
recognised: I introduce, D define, T teach, Te test 
and R review. 
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This method requires the programmer to consider the 
func t i o n of each frame as he writes i t and provides 
a record of the treatment of the various teaching 
points. This system i s perhaps the most useful i n 
helping to achieve the programme objectives although 
frame content and the programming technique used are 
not recorded. 
I n 1965rHartley and Franklin suggested a more 
complex system of symbols and l e t t e r s covering purpose, 
content and technique. While having many advantages 
i t i s d i f f i c u l t to read and may confuse the novice 
programmer. 
Discussion Time spent on programme w r i t i n g can be 
reduced to a minimum i f the programmer c r i t i c a l l y 
assesses the f i r s t d r a f t f o r programming errors 
before f i e l d t e s t i n g . The object of the systems 
described above i s to enable new programmers to wr i t e 
e f f e c t i v e programmes. The flow chart can be of use 
to a l l programmers by enabling them to examine 
systematically t h e i r e f f o r t s i n the l i g h t of the 
generally-accepted p r i n c i p l e s of programming. I t 
must be remembered, however, that many of these 
p r i n c i p l e s are s t i l l untested assumptions as to 
what goes to make an e f f e c t i v e programme. Any 
i n t e r p r e t a t i o n of the possible effectiveness of the 
programme from the flow chart w i l ] ^ e purely subjective. 
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The charting system which follows i s an attempt 
to represent i n graphic form the content, purpose 
and programming technique used i n each frame of t h i s 
programme. While i t can be of use to the programmer 
i n the immediate post-writing stage i t w i l l be of 
more value during the analysis of data r e s u l t i n g 
from the f i e l d t e s t . The f i n a l c r i t e r i o n of the 
effectiveness of any programme i s the student's 
terminal behaviour as shown by the terminal t e s t . 
I f t h i s behaviour i s inadequate or the time taken 
i s too long then an analysis of student behaviour 
w i t h i n the programme must follow. The c r i t e r i o n 
t e s t w i l l indicate which teaching point was not 
e f f e c t i v e l y taught, the frame error rate along with 
the f l ow chart where the f a u l t occurs i n the programme 
and the flow chart the possible causes of the f a u l t y 
sequence. Thus the flow chart can be of assistance 
to the programmer when reconsidering his e f f o r t s , , 
p a r t i c u l a r l y at the f i e l d t e s t i n g stage. 
Analysis and Recording of the Learning Programme Structure 
The programme charting system outlined here was 
used i n the developmental stage of programme construction. 
The system has two subdivisions: the f i r s t records 
the content of each section, the function of each frame 
and the number of frames per teaching point and the 
second the programming techniques used. 
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In-Part 1 each teaching point i s indicated i n the 
order i n which i t occurs i n the programme as shown i n 
Figure 5.2 and the number of frames per teaching point 
i s l i s t e d . The function of each frame i s entered on 
the chart using Franklin's (1964) c l a s s i f i c a t i o n . 
Thus t h i s part of the flow chart records v i s u a l l y 
( i ) teaching points, ( i i ) order of teaching point 
presentation, ( i i i ) the function of the frames w i t h i n 
the teaching point sequence ( i v ) number of frames per 
teaching point and (v) the phasing of teaching point 
i h i r e d u c t i o n . 
I n part 2 the type and strength of prompts i s 
recorded along with the method of l i n k i n g teaching 
point sequences. Becker's (1964) method of presenting 
the strength of prompts i s used. Thus t h i s diagram 
indicates ( i ) the type of prompt ( i i ) fading of these 
prompts, ( i i i ) i r r e l e v a n t responses and ( i v ) the concept 
l i n k i n g method used. 
Figure 5,2 was compiled from the penultimate version 
of the learning programme (Appendix i x ) and covers the 
f i v e programme sections. The chart was used along with 
c r i t e r i o n test r e s u l t s and frame error t o t a l s to make 
the f i n a l programme revisions. A simil a r flow diagram 
could be constructed on completion of the f i r s t programme 
d r a f t or at any subsequent stage of programme development 
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The f i r s t d r a f t of the learning programme requires 
a close scrutiny to check the material and i t s 
presentation. At t h i s stage a s p e c i a l i s t Geography 
teacher was asked to comment on the accuracy and 
relevance of the material and the s u i t a b i l i t y of 
vocabulary and examples f o r secondary pupils, while 
an English s p e c i a l i s t surveyed the programme with 
p a r t i c u l a r reference to s t y l e , c l a r i t y , c o n t i n u i t y 
and i n t e r e s t . 
The layout of t e x t and diagrams was also considered. 
The adequacy of i n s t r u c t i o n s on the programme learning 
method was checked and answer sheet design reviewed. 
I t was decided to produce each section i n a separate 
book f o r convenience i n use. 
At t h i s point the programmer can also check to 
see that he has i n f a c t produced the material intended. 
Answers to such questions as: Has the frame a purpose? 
Is the purpose of the frame or the response i t e l i c i t s 
relevant to the programme objective? I s the material 
taught before the response i s called for? a l l supply 
information on which changes can be made. 
The programme i s now typed and ready f o r v a l i d a t i o n . 
A copy of t h i s version of the programme with post-tests 




A learning programme i s responsible f o r what the 
student learns and the way i n which he learns. The main 
objective of the programme i s that the target population 
should reach the specified c r i t e r i o n behaviour. 
Dodd (1965) points out that any teaching, te s t i n g or 
motivating action included i n the programme which i s 
not e f f e c t i v e must be replaced. At t h i s stage i n 
programme development the programme contains what -
i n the programme w r i t e r ' s subjective view - i s required 
f o r the student to reach the expressed goal. Whether 
t h i s , i n f a c t , i s the case i s put to the te s t during 
v a l i d a t i o n . Programming i s pragmatic - what works i s 
kept; what f a i l s i s replaced. Validation consists of 
a series of t e s t i n g , analysis and r e v i s i o n cycles based 
on the student behaviour which results from programme 
study. 
Programme r e v i s i o n based on student behaviour has 
been a f e a t u r e of programming from i t s outset. Skinner 
considered that programme r e f i n i n g continued T i n t i l the 
point where the average c h i l d had almost complete success. 
I n the early days, however, much more emphasis was placed 
on the elimination of frame errors than i s the case today. 
I n l e i t h ' s (1969) view the percentage error on i n d i v i d u a l 
frames i s an imperfect guide on how to improve a programme, 
He suggests that tests w i t h i n the programme and a f t e r i t s 
completion are the only proper guides. 
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The revisions i n t h i s programme have been based 
on the four kinds of data proposed by Jacobs et a l , 
(1966):- ( i ) changes i n achievement; ( i i ) frame error 
r a t e ; ( i i i ) programme completion times; ( i v ) student 
a t t i t u d e s , 
( i ) Changes i n achievement - students complete the 
c r i t e r i o n test as a pre-test and a post-test at each 
programme t r i a l stage during v a l i d a t i o n . The tests 
provide the most important evidence of programme 
effectiveness. I f a high l e v e l of learning i s indicated 
then the programme i s achieving i t s aim; i f not, revisions 
must occur. But what, i n f a c t , i s an acceptable l e v e l 
of learning? The aim must be to achieve the objective 
specified i n the programme. One hundred percent success 
on the c r i t e r i o n t e s t i s the ideal but, i n f a c t , the 
l e v e l of achievement expected must be a r e a l i s t i c one 
based on classroom experience. Blake (1966) suggests 
that agreed s t a t i s t i c a l c r i t e r i a be set up so that a 
programmer w i l l know when to end t e s t i n g and re v i s i o n . 
Blake (1967) proposed the gain r a t i o as the 
c r i t e r i o n on which to base decisions about programme 
r e v i s i o n . His r a t i o has been used i n programme 
v a l i d a t i o n here. The gain r a t i o i s a modification of 
that proposed by McGuigan (Popp & McGuigan 1963). 
McGuigan compared the difference between means (m2-mj)'^ 
and the difference between the maximum score (p) and 
the pre-test mean (m-j^), 
1 = mean score of f i r s t t e s t 
nio = mean score of second t e s t (post-test or retention ^ t e s t ) . 
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Blake modified McGuigan's r a t i o by adding the term 
^2"^! to allow f o r student pre-knowledge. I f the gain 
P 
r a t i o calculated by the formula ^2'^1 + ^2-^1 i s more 
p-m^ P 
than 1.2 the achievement gain i s considered satisfactory. 
The pre-test and post-test r e s u l t s are also used 
to investigate the possible occurrence of reversals. 
A reversal i s shown by an incorrect answer i n the 
post-test following a correct answer to the same 
question i n the pre-test. Reversals are a d i r e c t 
r e s u l t of confusion caused by t he programme i t s e l f , 
( i i ) Frame error rate The f a i l u r e of the student to 
answer any of the c r i t e r i o n questions to an acceptable 
l e v e l r e s u l t s i n the programmer looking at f i r s t at 
the t e s t . I f the reason f o r f a i l u r e i s not i n the 
t e s t i t may be i n the key frame i.e . the t e s t frame 
w i t h i n the programme or i n the sequence of frames 
which have been used to teach the p a r t i c u l a r point 
leading up to the key frame. At t h i s point i n analysis 
the student response frame error rate w i l l help to 
locate the cause of f a i l u r e . A s u f f i c i e n t number of 
errors are taken to indicate misunderstandings which 
are blamed on the programme and lead to revisions. 
I n general a high l e v e l of success i s looked f o r i n 
student frame respoiBe. The c r i t e r i a of error on 
key frames and lO'fo error o v e r a l l i s taken as the aim but 
too much i s not made of t h i s f o r the f i n a l c r i t e r i o n of 
the effectiveness of the programme i s the student's 
terminal behaviour. 
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As Bjerstedt (1965) points out, i f student terminal 
behaviour reaches acceptable levels w i t h i n a reasonable 
period'of time we need not be too concerned about the 
de t a i l s of behaviour w i t h i n the programme. 
( i i i ) Time scores The programme section i s designed 
f o r use w i t h i n a lesson period. I f f i v e minutes are 
allowed f o r administration and f i v e minutes f o r the 
section t e s t the time available f o r programme study-
i s 25 - 50 minutes. Programme revisions must bear i n 
mind tha t v i r t u a l l y a l l students should have time to 
work through the programme. 
( i v ) Student a t t i t u d e Student reaction was sought i n 
the preliminary t r i a l and students involved i n the 
Final V a l i d a t i o n were asked to f i l l i n a questionnaire 
(Appendix ( i v ) ) . The questionnaire attempts to discover 
student i n t e r e s t i n t h i s method of i n s t r u c t i o n . 
Figure 6 . 1 i s a flow diagram which presents i n 
v i s u a l form the various stages i n programme development. 
I t shows that a representative group of students attempt 
a pre-test before studying the learning programme and 
a post-test on i t s completion. Evidence provided by 
the t e s t s , frame error rates, programme working time 
and student a t t i t u d e a l l provide evidence on which to 
base amendments to the programme should t h i s be 
necessary. This process i s repeated again and again 
u n t i l the c r i t e r i o n performance i s achieved. 
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Figu-re 6.1 
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repeat u n t i l te: 








A discussion of the various stages i n the development 
of the g l a c i a t i o n programme now follows. I t shows that 
four cycles of programme t e s t i n g and review were found 
to be necessary f o r t h i s programme. 
The pupils taking part i n programme v a l i d a t i o n were 
t y p i c a l of those f o r whom the programme i s intended. 
NOne of these pupils had studied g l a c i a t i o n previously. 
Because the pupils had no previous experience of 
the programme learning method i t was necessary to 
explain t h i s at the outset and a few practice frames 
were completed and discussed. The pupils were aware 
that the teaching material only was being tested. 
Although 'cheating* does not prevent learning i t 
can be misleading when attempting to validate a 
programme, For t h i s reason the programme was presented 
i n the form of a pack of i n d i v i d u a l frames with 
confirmation on the reverse i n the f i r s t two t r i a l s . 
This ensured that each p u p i l actually responded t o the 
frame before turning over to check the response. 
E f f o r t s were made to provide ideal conditions f o r 
study w i t h a minimum of i n t e r r u p t i o n s . Also a l l 
i n s t r u c t i o n s , answer sheets, tests and the programme 
i t s e l f were c l e a r l y typed so that the results obtained 
were a true r e f l e c t i o n of programme content. 
79 
In- the preliminary t r i a l four students completed 
a section of the learning programme and a c r i t e r i o n 
t e s t (Appendix v) i n each of f i v e sessions. One of 
these students was above average, two average, and 
one below average a b i l i t y i n geography as assessed by 
the class teacher. Each student entered s t a r t i n g and 
completion times and frame responses on a prepared answer 
sheet and was encouraged to write comments on any 
d i f f i c u l t i e s as they arose. The programme w r i t e r was 
available to answer queries as they occurred and made 
a note of frames which appeared to cause d i f f i c u l t y 
and delay. 
As a r e s u l t of t h i s t r i a l a number of defects 
became apparent. Amendments were made to the c r i t e r i o n 
t e s t and to frames which were inadequate. Steps were 
taken to shorten a l l sections and some i r r e l e v a n t material 
was deleted. 
FIELD TEST 1 
The revised programme (Appendix ( v i ) ) was studied 
by a class of t h i r t y representative pupils. These 
pupils completed a pre-test p r i o r to t h i s work and 
a post-test a f t e r each programme section. The pre- and 
post-tests were p a r a l l e l t e s t s . I n t h i s version of the 
programme Sections 4 and 5 are reversed so that the map 
i n t e r p r e t a t i o n of g l a c i a l highland features follows 
immediately a f t e r a study of the theory of t h i s topic. 
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The number of pupils attempting the programme 
sections decreased from the maximum as work progressed. 
Data i s recorded f o r each section and included the t o t a l 
number of pupils who completed each section. The t o t a l 
programme data^refers to pupils who completed a l l sections 
of the programme. 











score 9^  success 
1 10 50 500 57 1.9 19 
2 15 29 455 19 0.66 4.57 
5 20 29 580 18 0.62 5.1 
4 15 24 560 0 0 0 
5 5 25 115 5 0.22 4.55 
TOTAL 65 21 1565 77 5.67 5.64 
The low pre-test percentage success rates shown i n 
Table 6.01 indicate that the material presented i n t h i s 
learning programme i s la r g e l y new to the pupils. The 
content of Section 1 was s l i g h t l y more f a m i l i a r than that 
of other sections. 
Table 6.02 gives relevant score d e t a i l s f o r the 
post-test. The t o t a l possible scores i n t h i s t e s t are 
the same as f o r the pre-test. 



































A l l SectdO] IS 812 58,67 59.49 1.11 
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The mean scores f o r these two tests have been used 
to calculate the gain rati03||* f o r each section and f o r 
the programme as a whole. The gain r a t i o f o r sections 
1 and 4 have just reached an acceptable l e v e l , the 
others have not. I t was considered necessary to make 
a de t a i l e d analysis of post-test performance f o r each 
teaching point and to calculate frame error rates i n 
order to pinpoint areas i n the programme requiring 
improvement. I n general a score of less than 70?^  
(Blake 1967) on the c r i t e r i o n test item and over 10^ 
frame error rate received i n v e s t i g a t i o n and amendment. 
A detailed analysis of section 2 post-test results 
and frame error rates i s given i n Table 6.03. A 
si m i l a r analysis f o r the remainder of the programme 
i s recorded i n Appendix ( v i i ) . 
Table 6.03 F i e l d Test 1 - Post-Test Analysis f o r 
Section 2. 
Question Teaching Point ^ success 
1 g l a c i e r movement f^lowest 65.51 
•reason 86.2 
s l ("crevasse 75.86 
2 * causes 75.86 
[Berac 62.07 
fmoraine 68.93 
^ Tcauses 51.7 
4 moraine types 13.79 
5 r i v e r starting as a glacier 82,75 
6 diagram 68,93 
7 moraine-dammed lake 93.1 
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I n section 2, f o r example, the l e v e l of success 
i n the f i r s t part of question 1, the t h i r d part of 
question 2 and questions 3» 4 and 6 resulted i n 
i n v e s t i g a t i o n of, f i r s t , the post-test question 
i t s e l f and then the frame error rates f o r t e s t 
frames and frames dealing w i t h these teaching points. 
I n a d d i t i o n any frame w i t h more than 10^ error 
received a t t e n t i o n . The frame error scores are given 
f o r section 2 i n Table 6.04 and f o r the rest of the 
programme i n Appendix ( v i i ) . 
% 
Table 6.04 Fi e l d Test 1 - Frame response error scores -
Section 2 (n^9) 1 
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Table 6.05 shows that a l l students i n sections 2, 3 
and 4 completed the section while sections 1 and 5 were 
not completed by 7 and 6 students respectively. Programme 
re v i s i o n takes i n t o account the necessity of shortening 
the time requirement f o r sections 1 and 5, 
Table 6.05 Field Test 1 - Mean Programme Working Time 
8,5 
Mean time i n Students f a i l i n g 
Section minutes to complete 




5 25 6 
FIELD TEST 2 
The revised programme (Appendix v i i i ) was duplicated 
i n booklet form w i t h a v e r t i c a l progression. 51 g i r l s 
were introduced to the project by reading 'About t M s 
booklet* and 'How to use the programmed sections of 
t h i s book* before studying the g l a c i a t i o n programme. 
A l l pupils completed a pre-test before study, a post-test 
at the end of each section and a ret e n t i o n t e s t three 
weeks a f t e r study. The pre-test and retention t e s t 
were i d e n t i c a l tests and the post-test a p a r a l l e l t e s t . 
Because a l l pupils did not possess the assumed pre-
knowledge r e l a t i n g to g r i d reference (54 correct) and 
d i r e c t i o n (41) these concepts were revised before 
programme study began. 
The pupils undertaking t h i s work were i n the 15 year 
6 month - 14 year 6 month age range w i t h a mean General 
I n t e l l i g e n c e of 85.65 AH^"'" raw score (range 49 - 1 0 9 ) . 
The pre-test data i n Table 6.06 indicates t h a t , i n 
general, knowledge of programme content i s low wi t h 
section 1 containing the most f a m i l i a r material. 
1 AH, A.H.W.Heim Group Test of General Intelligence N.F.E.R, 
^ 1967. 
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Table 6.06 Fi e l d Test 2 - Pre-Test Scores (n 51) 
Maxm. marks Total Poss. Actual Mean 
Sections per section Score Total Score success 
1 10 510 141 2.76 27.65 
2 15 765 19 0.57 2.48 
5 20 1020 21 0.41 2.06 
4 5 255 18 0.55 7.06 
5 10 510 11 0.22 2.16 
A l l Sec tions 60 5060 210 4.12 6.86 
The post-test data i n Table 6.07 gives satisfactory 
gain r a t i o f o r sections 2 and 5 only so that programme 
r e v i s i o n i s again necessary. A detailed analysis of 
each section post-test was carried out and t h i s appears 
i n Appendix ( x ) . 
Table 6.07 Fi e l d Test 2 - Post-Test Scores (n 51) 
Section Actual Score Mean Score 9^  success Gain Ratio 
1 581 7.47 74.71 1.12 
2 562 11.02 75.46 1.44 
5 550 10.78 55.92 1.05 
4 162 3.18 65.55 1.15 
5 550 6.47 64.71 1.27 
A l l 
Section J 1985 58.92 64.87 
1.20 
A summary of the success rate f o r each section i s tabulated 
i n Table 6.08. I t shows that four teaching points i n 
Section 1, f i v e teaching points i n Section 2, ten i n 
Section 5, three i n Section 4 and three i n Section 5 
require p a r t i c u l a r a t t e n t i o n . Section 3 appears to have 
been the most unsatisfactory part of the programme. 
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Table 6.08 Fie l d Test 2 - Summary of Teaching Point Success 
as indicated by Post-Test Results 
<fo score Section 1 Section 2 Section 3 Section 4 Section 5 
1-20 3b(i) 
21-30 6c 
31-40 l ( i ) 3 ( i i i ) 3 b ( i i ) , 6 a 
41-50 3c,5(i) 
51-60 3(snowfield' 2c,3(i) 
3 ( i i ) 
3a examp. ar^te, 
corrie 
4 ( i i ) . 
4 ( i i i ) 
61-70 4 2b(i) 3a,4,6b hang, v a i l e; U valley 
^ 4 ( i ) 
71-80 l ( i i ) , 2 , 5 2a,2b(ii ) , 5 5 ( i i ) ribbon lake 3 
81-90 1 5 pressure l a , l b 
91-100 3 ( c o r r i e ) , 
6, 7 
4, 6 ,1' 2 1 
Frame error rates were compiled f o r each section 
(Appendix ( x ) ) and on t h i s occasion key frames are 
indicated along w i t h the number of no responses per frame. 
As i n F i e l d Test 1 programme re v i s i o n started with a 
scrutiny of the post-test question followed by the teaching 
point key frame response and then the sequence of frames 
leading up to the key frame. As a r e s u l t of t h i s analysis 
the p o s i t i o n of the programme f a i l u r e becomes evident. 
At t h i s point the programme structure charts (page 71 
and Appendix (ix3) were used i n an e f f o r t to ascertain the 
reason f o r f a i l u r e . 
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Reversals Questions which were . answered co r r e c t l y 
i n the pre-test and i n c o r r e c t l y i n the post-test 
(reversals) were pl o t t e d f o r a l l sections. A summary 
of t h i s information i s given i n Table 6.09. A reversal 
gives evidence of muddle which i s caused by the 
programme i t s e l f . Reversal scores i n t h i s programme 
are low. This i s explained by the f a c t that apart from 
Section 1 scores on the pre-test were very low as pupils 
had l i t t l e knowledge of the subject at the outset. With 
the exception of questions l ( i i ) and 7 a l l reversals were 
is o l a t e d cases. I n both l ( i i ) and 7 the reversal seems 
to have been caused by a f a u l t y teaching sequence. 
Table 6.09 Fie l d Test 2 - Reversals 
Section Total 5^ of pupils 




5 5 — 
The r e t e n t i o n t e s t r e s u l t s and gain r a t i o scores'^ 
are l i s t e d i n Table 6.10. I n a l l cases the gain r a t i o 
has f a l l e n and p a r t i c u l a r l y so i n sections 2 and 5, 
where i t appears that more practice and review items 
are necessary. Results i n Section 1, where some 
knowledge of the content material was already part of 
the students r e p e r t o i r e when work began was the most 
stable. 
1 Blake does not suggest a s a t i s f a c t o r y gain r a t i o l e v e l 
fo r retention. 
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Table 6.10 Field Test 2 - Retention Test Scores (n 49) 




































A detailed analysis of each re t e n t i o n t e s t appears 
i n Appendix (x) and a summary of the content i s given 
i n Table 6.11. 
Table 6.11 Fiel d Test 2 - Summary of Teaching Point Success 
as indicated by the Retention Test 
<fo score Section 1 Section 2 Section 3 Section 4 Section 5 
0-10 3 ( i i i ) 
l i - S o 2 ( i i ) 3a example 
3 b(i)-J^(ii) 
4 ( i i i ) , 
5 ( i ) , 5 ( i i ) 
21-30 3 u ; 4b diagram corrie 1 
31-40 l ( i i ) , 4 s n . 3 ( i i ) , 4 l i ) 
4 ( i i i ) , 6 
l,3a,5b(i), 
4b, 4d 
arete 2 , 3 U ; , 3 U 1 J 
41-50 5 4c 
51-60 7 •U'valley 4 ( i i ) 
61-70 2,6glacier l a , b , 2 ( i ) 3c,4a,5a 4 ( i ) 
71-80 l(i - > 5 4 ( i i ) 2, 5b 
81-90 3,4 corrie 
6 avalanche 
7 
91-100 ribbon lake 
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The. mean working time f o r the whole learning 
programme i s 117 minutes. A wide range of working 
time was required by the pupils who worked at t h e i r own 
spjjed w i t h i n the lesson periods. Table 6.12 shows that 
some pupils i n the f i r s t four programme sections f a i l e d 
to complete the programme w i t h i n the time available to 
them. As a l l students must have adequate time to do 
the work required programme r e v i s i o n must take t h i s 
i n t o account. There i s time available f o r additions 
to Section 5 i f i t i s required. 
Table 6.12 F i e l d Test 2 - Programme Working Time (n 51) 
Section 
Time i n 
Minutes Mean Time Time Range 
Incomplete 
attempts 
1 1254 24.59 16-50 11 
2 1401 27.47 20-55 1 
5 1148 22.51 15-28 6 
4 1569 26.84 10-55 15 
5 802 15.75 11-21 — 
A l l 
Sections 5974 117.14 -
The time requirement can be reduced by eliminating 
any unnecessary material (material not s t r i c t l y relevant 
to the programme o b j e c t i v e ) , by improving c l a r i t y , by 
s i m p l i f y i n g i n s t r u c t i o n s and response requirements 
where t h i s w i l l not impair teaching e f f i c i e n c y . 
Types of Programming Faults 
The most frequent types of f a u l t s which occur while 
programming according to Callender (1969) are overprompting, 
underprompting, including i r r e l e v a n t information, e l i c i t i n g 
no response, f a i l i n g to fade prompts, providing i n s u f f i c i e n t 
89 
practice items and c a l l i n g f o r i r r e l e v a n t responses. 
M i l l s (1969) analyses the cause of frame errors i n t o 
those due to ( i ) operational factors; ( i i ) memory defects; 
( i i i ) defects of understanding and ( i v ) f a u l t y programming. 
The f i r s t and l a s t of these are of p a r t i c u l a r i n t e r e s t 
when programme r e v i s i o n i s being considered. 
Programme f a u l t s which became evident while r e v i s i n g 
t h i s programme are summarized here:-
1 . Occasional typing errors. 
2 . Ambiguities or lack of c l a r i t y i n i n s t r u c t i o n s , i n 
te s t questions and i n frame teaching and response 
e l i c i t i n g components, 
3. Frames too long and involved especially when 
introducing new material. 
4. Occasionally facts tested but not taught. 
5. Teaching sequences inadequate. 
6. I r r e l e v a n t material i n the frame. 
7 . Frames c a l l i n g f o r an i r r e l e v a n t response, 
8. Frames which e l i c i t a correct response but do not 
teach, cueing i s good but not s u f f i c i e n t l y faded. 
This i s seen p a r t i c u l a r l y w e l l i n the map reading 
section where frame errors are generally low but 
key frame errors are high. 
9. Order of teaching point presentation. 
10, I n s u f f i c i e n t practice frames and summary and review 
frames. This can be seen''clearly i n sections 2 and 
5 where new material did not hold up well i n the 
re t e n t i o n t e s t . 
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During the programme rewrite i t was usually possible 
to amend the programme by rewording the f a u l t y frames 
and sequences rather than by adding extra frames. 
E f f o r t s to ensure Optimum Operational Conditions 
During t h i s exercise i t i s important to remove any-
thing which w i l l i n t e r f e r e with or have an adverse 
a f f e c t upon re s u l t s so that the true effectiveness of 
the learning programme can be assessed. At t h i s point, 
before the f i n a l v a l i d a t i o n procedure was undertaken, 
a number of points were considered;-
1. More time to be spent explaining the project to the 
pupils i n order to get t h e i r i n t e r e s t and cooperation. 
2, Because programmed learning i s new to the pupils:-
a) take more time explaining 'About t h i s booklet* 
b) extend the practice frames i n 'How to use the 
Programmed Sections of t h i s book*. 
5, Any p u p i l having d i f f i c u l t y w i t h the programme, 
as shown by the frame response error rate on the 
answer sheet at the end of Section 1 i n the f i n a l 
v a l i d a t i o n , to be given extra t u i t i o n i n the 
programme learning method, 
4, Establish that a l l pupils are f a m i l i a r with 
Ordnance Survey maps and are at ease with the use 
of contours, g r i d references and d i r e c t i o n before 
the programme begins, 
5, Administrative arrangements to be checked so that 
booklets and prepared answer sheets are available, 
rooms checked, int e r r u p t i o n s reduced to a minimum, 
6, Have the o r i g i n a l photographs available i n case 
i n d i v i d u a l photocopies give d i f f i c u l t i e s , 
7, Produce only the map area necessary f o r Section 4 
so that there i s no p o s s i b i l i t y of time wasting or 




The revised programme (Appendix ( i i i ) ) consists of 
a t o t a l of 144 frames divided i n t o f i v e sections. This 
was now worked by 34 pupils i n the 13 yr 6 month -
14 yr 6 month age range. The General^ A b i l i t y (AH^) 
mean score of the group was 87 .32 (S.D. 11.71)"^. 
Each p u p i l completed a pre-test, a post-test a f t e r 
each section and a re t e n t i o n t e s t one month l a t e r . An 
i d e n t i c a l t e s t (Appendix ( i i ) ) was used on each occasion 
f o r t h i s v a l i d a t i o n . Pre-knowledge questions were 
rephrased and extended (questions 1, 2 and 3 i n Section 
4 of the pre-test) i n an attempt to ascertain p u p i l 
f a m i l i a r i t y w i th the concept of contours as wel l as 
d i r e c t i o n and g r i d reference. Scores were r e l a t i v e l y 
high but these points were revised i n class before work 
began. 
A l l r e s u l t s obtained from t h i s v a l i d a t i o n t r i a l and 
used i n the programme analysis are recorded i n Appendix 
( x i ) . 
The pre-test data i n Table 6.13 shows that again 
knowledge of programme content material i s low wi t h 
Section 1 gaining the highest scores. I n t h i s group 
some pupils showed evidence of some knowledge of 
Ordnance Survey map i n t e r p r e t a t i o n . 
The post-test data i n Table 6,14 shows a gain r a t i o 
f o r the whole programme of 1,38 and reaches the c r i t e r i o n 
set f o r an acceptable l e v e l of programme ef f i c i e n c y . 
1 No norms have been published f o r t h i s type of school. 
Grammar School Mean Score 85.26 (S.D, 11.21) 
Secondary Modern School Mean 59.51 (S.D. 19.50), 
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Table. 6,13 F i n a l V a l i d a t i o n - Pre-Test Scores (n 34) 
Maxm. marks T o t a l Poss, T o t a l A c t u a l 1" 
S e c t i o n per s e c t i o n Score Score Mean success 
1 10 340 103 3,03 30.29 
2 15 510 20 0.59 3.92 
3 15 510 42 1.24 8.23 
4 5 170 35 1.03 20.59 
5 10 340 9 0.26 2.65 
A l l s e c t ions 55 1870 209 6.15 11.18 
A l l s e c t i o n s d e a l i n g with, the theory of g l a c i a t i o n a l s o 
reached an acceptable l e v e l although S e c t i o n 3 i s s t i l l 
the l e a s t e f f i c i e n t . E f f o r t s to improve S e c t i o n 4 which 
d e a l s w i t h the i n t e r p r e t a t i o n of g l a c i a l f e a t u r e s on an 
Ordnance Survey map, however, have met w i t h l i t t l e 
s u c c e s s . I t may he th a t the p u p i l s do not have the necessary 
contour i n t e r p r e t a t i o n s k i l l s n ecessary f o r t h i s work. 
I f t h i s i s so the pre-knowledge t e s t question d e a l i n g 
w i t h t h i s point i s c l e a r l y inadequate. 
Table 6.14 F i n a l V a l i d a t i o n - Post T e s t Scores ( n 34) 
S e c t i o n 
T o t a l 
Poss. 
Score 
T o t a l 
A c t u a l 
Score Mean Score success Gain R a t i o 
1 340 305 8.97 89.71 1.44 
2 510 411 12.09 80.59 1.57 
3 510 355.5 10.46 69.61 1.28 
4 170 91 2.68 53.53 0.75 
5 340 253 7.44 74.41 1.46 
T o t a l 
Programme 1870 1415.5 41.63 75.70 1.38 
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An a n a l y s i s of frame response e r r o r s recorded i n 
Appendix ( x i ) i s presented i n Table 6.15. The e r r o r 
s c o re f o r key responses i s ^S^io, The o v e r a l l e r r o r 
score f o r the whole programme i s 5.8?^. E r r o r s c o r e s 
i n S e c t i o n 4 a r e s t i l l too h i g h but i f , as seems l i k e l y , 
the p u p i l s have not t h e n e c e s s a r y s k i l l s f o r t h i s work 
f u r t h e r r e v i s i o n of S e c t i o n 4 i n i t s present form would 
not s o l v e the problem. 
Table 6.15 F i n a l V a l i d a t i o n - Frame Response E r r o r s ( n 34) 





T o t a l Poss. 
responses 
Response 
e r r o r s 
io response 
e r r o r s 
io key 
erroB 
1 28 39 1326 38 2.87 2.94 
2 32 47 1598 81 5.07 4.41 
3 30 53 1802 114 6.33 5.74 
4 21 29 986 134 13.59 19.11 
5 33 52 1768 67 3.79 4.81 
T o t a l 144 220 7480 434 5.80 6.92 
S e c t i o n s 1, 2, 3, and 5 taken by themselves teach a l l 
the m a t e r i a l n e c e s s a r y f o r the theory of g l a c i a t i o n i n 
the G.C.E, examination and could be used as a l o g i c a l 
u n i t of p r e s e n t a t i o n . I n f a c t no examination question 
has been s e t by the J o i n t M a t r i c u l a t i o n Board on t h i s 
t o p i c on map i n t e r p r e t a t i o n i n r e c e n t y e a r s (page 3 5 ) . 
T a b l e s 6.16 and 6.17 summarise the t e s t r e s u l t s and 
frame response e r r o r s f o r these four s e c t i o n s of the 
programme taken as a u n i t . The gain r a t i o f o r t h i s 
u n i t i s 1.43. The key response e r r o r s and o v e r a l l 
response e r r o r s are 4.71^ and 4.6?$ r e s p e c t i v e l y . 
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Table 6,16 F i n a l V a l i d a t i o n - S a i n R a t i o s f o r 4 S e c t i o n only 
(n 34) 
I n d i v i d u a l 
Poss.Score 
T o t a l Poss. 
Score 
T o t a l A c t u a l 
Score 
Mean 
Score Gain Ratio 
P r e - t e s t 50 1700 174 5.12 — 
P o s t - t e s t 50 1700 1324,5 38.96 1,43 
R e t e n t i o n 
T e s t 
50 1700 898 26.41 0.9 
( n 34) 
Maxm.Ind. 
Response 
P o s s . t o t a l 
e r r o r s 
Response 
e r r o r s 
i> respon. 
e r r o r 
Poss.key 
e r r o r s 
T o t a l 
key 
e r r o r s 
io key 
e r r o r s 
191 6494 300 4.6 1870 88 4.71 
At t h i s point a c o r r e l a t i o n was c a l c u l a t e d between a 
school geography examination mark f o r the p u p i l s concerned 
and t h e i r General I n t e l l i g e n c e raw s c o r e s . The c o r r e l a t i o n 
of 0.3878 i s s i g n i f i c a n t at the 5io l e v e l . A s i m i l a r 
c o r r e l a t i o n between achievement as shown by the programme 
p o s t - t e s t and p u p i l a b i l i t y i s 0.6039 ( s i g n , at 1 ^ ) . 
An i n v e r s e c o r r e l a t i o n s i g n i f i c a n t a t the 5^ l e v e l 
e x i s t s between p o s t - t e s t s c o r e s and frame response e r r o r s 
(-0.4300), 
The r e t e n t i o n t e s t r e s u l t s are summarised i n Table 
6.18. The g a i n r a t i o : i s approximately 1 i n the f i r s t 
t h r e e s e c t i o n s appears to be s a t i s f a c t o r y . . S e c t i o n 4 
g a i n s c o r e i s , however, low and an extensive l o s s has 
occurred i n S e c t i o n 5. 
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I t appears t h a t f u r t h e r p r a c t i c e and review frames are 
r e q u i r e d i n S e c t i o n 5, 
Table 6,18 F i n a l V a l i d a t i o n - Retention Test Scores 
( A f t e r 1 month) ( n 34) 
S e c t i o n s 
T o t a l A c t u a l 
Score Mean Score io s u c c e s s Gain R a t i o 
1 229 6,74 67.35 0.9 
2 292 8,59 57.25 1.09 
3 275,5 8.10 53.92 0,96 
4 77 2.26 45.29 0,56 
5 101,5 2.99 29.85 0,55 
T o t a l 975 28.67 52.14 0.87 
A c o r r e l a t i o n of 0.7850 ( s i g n , at 1^) e x i s t s between 
p o s t - t e s t and r e t e n t i o n t e s t s c o r e s . 
The programme completion times (Table 6.19) i n d i c a t e 
t h a t the time now a v a i l a b l e f o r working each s e c t i o n i s 
adequate. Only one student f a i l e d to attempt three 
frames i n the whole programme. The maximum time taken by 
any p u p i l was 130 minutes and the average time requirement 
was 108 minutes. 
Table 6.19 F i n a l V a l i d a t i o n - Programme Working Time ( n 34) 
S e c t i o n 
Time m 
Minutes Mean Time Time Range 
incomplete 
attempts 
1 610 17.94 13 - 23 -
2 710 20.88 15 - 27 1 
3 758 22.29 18 - 29 0 
4 820 24.12 14 - 32 -
771 22.68 10 - 28 -
T o t a l 3669 107.91 90 - 130 
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Programme S p e c i f i c a t i o n 
T h i s l e a r n i n g programme has been developed f o r use 
w i t h above average a b i l i t y (AH^ range 55 - 107) t h i r d 
year secondary p u p i l s (13+ - 14+) i n the school 
s i t u a t i o n . I t i s s u i t a b l e f o r work i n the classroom 
and f o r p r i v a t e study. 
The programme i s designed to s a t i s f y the r e q u i r e -
ments of the J.M.B. G.C.E. '0' L e v e l sy]3abus on the 
t o p i c of g l a c i a t i o n . I t can be used by i t s e l f or 
i n t e g r a t e d i n t o a scheme of work. 
As a r e s u l t of working the programme p u p i l s should 
be a b l e to a c h i e v e an o v e r a l l g a i n r a t i o of a t l e a s t 
1.2 when answering the s e c t i o n t e s t s . 
The l e a r n i n g programme t o t a l s 144 frames and i s divided 
i n t o f i v e s e c t i o n s . Each s e c t i o n i n c l u d i n g the s e c t i o n 
t e s t r e q u i r e s a l e s s o n period of 35 - 40 minutes. The 
average working time f o r thevhole programme i s 108 minutes. 
Questionnaire i n f o r m a t i o n 
A f u r t h e r assessment of the l e a r n i n g programme can 
be obtained by studying the responses the p u p i l s made 
to a q u e s t i o n n a i r e (Appendix i v ) which was completed 
a f t e r working through the l e a r n i n g programme. 
E f f e c t of Programmed Learning method on p u p i l preference 
f o r Geography 
The p u p i l s were asked to arrange the academic s u b j e c t s 
which they study, i n order of preference, before and a f t e r 
they had used the programme. 
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S u b j e c t s were ranked from 1 to 10. None of the group 
s t u d i e d Spanish which i s included i n the l i s t on the 
q u e s t i o n n a i r e . The r e s u l t of t h i s enquiry appears below 
(Table 6.20). The e f f e c t of the programme l e a r n i n g method 
has been to improve the i n t e r e s t i n geography with the 
l e s s i n t e r e s t e d p u p i l s although one or two of those who 
were more i n t e r e s t e d ha-re become s l i g h t l y l e s s so. 
Table 6.20 Questionnaire - Order of Preference f o r Geography' 
Pre-Treatment Post Treatment 
1 i s the most 
favoiirable 
f f 
1 2 1 
2 4 4 
3 5 4 
4 4 4 
5 5 5 
6 5 8 
7 - 3 
8 6 4 
9 2 1 
10 1 -
T o t a l 34 34 
A t t i t u d e s of p u p i l s to the programmed l e a r n i n g method 
A L i k e r t type s c a l e was used to a s s e s s p u p i l r e a c t i o n 
to t h e programme l e a r n i n g method - t h i s was a f i v e point 
s c a l e ranging from 'much more* to 'much l e a s ' . 
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A g e n e r a l l y favourable a t t i t u d e was expressed. 
T h i s r e s u l t i s i n l i n e w i t h Smith and Smith (1966) 
who summarised students' a t t i t u d e s to programmed 
l e a r n i n g s i n c e I96O 'The i n i t i a l r e a c t i o n of l e a r n e r s 
to programmed s e l f - i n s t r u c t i o n at a l l l e v e l s of 
s c h o o l i n g and i n a d u l t t r a i n i n g s i t u a t i o n s has been 
g e n e r a l l y f a v o u r a b l e ' . 
T h i s r e s u l t , however, should be i n t e r p r e t e d w i t h 
c a u t i o n because l ) the method was new to a l l p u p i l s 
and, t h e r e f o r e , would have a.:novelty value (Hawthorne 
e f f e c t ) , 2) the programme was of too short a duration 
to judge i t s c a p a b i l i t i e s as regards providing continued 
i n t e r e s t and motivation. 
S u b j e c t i v e views on whether the p u p i l s thought 
they had l e a r n e d more u s i n g t h i s method were more 
evenly d i v i d e d . 
Summary of p u p i l s comments on the programmed l e a r n i n g method, 
P u p i l s were asked open-ended questions as to what 
they l i k e d best and l e a s t about the method of teaching 
under study and were then asked to make suggestions 
which would make the l e a r n i n g programme ( i ) more 
e f f e c t i v e ( i i ) more i n t e r e s t i n g . 
What do y o u - l i k e most about the programme l e a r n i n g method? 
A number of p u p i l s thought the work appeared to be 
e a s i e r and l i k e d working i n t h e i r own time. 'You can 
l e a r n a t your own speed.' 'There i s n ' t a teacher breathing 
over your shoulder.' A l l p u p i l s were a c t i v e l y involved. 
'You have to be a l e r t a l l the time. There i s no time to 
t a l k . ' 
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'There i s no chance of your a t t e n t i o n wandering.' 
Immediate knowledge of r e s u l t s TO^e a t t r a c t i v e : ' I t 
was fun. You could see i f your answers were r i g h t or 
not.' Some p u p i l s l i k e d the way i t was s e t out; others 
found i t m o r e : i n t e r e s t i n g and the absence of homework 
had a number of supporters. 
What d i d you l i k e l e a s t ? 
The time allowance was too short 'most times we 
were h u r r i e d ' or too much was included i n each booklet. 
A number of p u p i l s complained of the t e s t a t the end 
of each s e c t i o n and the f a c t that no rec o r d of the 
t o p i c would be a v a i l a b l e f o r l a t e r study was r a i s e d . 
Two p u p i l s soon became bored and one observed that the 
t e a c h e r d i d not p a r t i c i p a t e i n the l e s s o n . 
Suggestions designed to make the programme 
( i ) more e f f e c t i v e 
I t was thought t h a t i f the m a t e r i a l was arranged 
i n more s e c t i o n s more time would be a v a i l a b l e , and 
more r e p e t i t i o n was advocated. One p u p i l asked f o r 
longer frames w i t h an i n t r o d u c t i o n to the s e c t i o n and 
a summary a t the end. More diagrams, photographs, maps 
f i l m s and t a l k s were c a l l e d f o r . 
( i i ) more i n t e r e s t i n g 
More v i s u a l a i d s of a l l kinds and the use of models 
and a v i s i t to a g l a c i a t e d a r e a were suggested. Some 
p u p i l s would p r e f e r d i s c u s s i o n or the teach e r asking the 
questions i n s t e a d of t e s t s . 
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I n c o n c l u s i o n 
Although diagrams, photographs and maps form an 
i n t e g r a l p a r t of the l e a r n i n g programme and have been 
used e x t e n s i v e l y i n i t there i s s t i l l a demand f o r more. 
There i s no doubt t h a t f i e l d w o r k would improve the 
e f f e c t i v e n e s s of the work but d i f f i c u l t i e s w i l l always 
a r i s e because of the time r e q u i r e d , numbers involved 
and, i n t h i s case, the a v a i l a b i l i t y of g l a c i a t e d high-
l a n d a r e a . A number of p u p i l s p r e f e r to work w i t h the 
t e a c h e r and t h e i r peers and i t i s h i g h l y probable that 
these p u p i l s would l o s e i n t e r e s t i n the l e a r n i n g 
programme work a f t e r the i n i t i a l n o v e l t y had passed. 
P u p i l s working through t h i s programme were r e s t r i c t e d 
to the l e a r n i n g programme method but i n the normal course 
of t e a c h i n g the teacher can use the programme along w i t h 
a number of other teaching t o o l s . The programme should 
be i n t e g r a t e d i n t o a course of work r a t h e r than being 
the course of work - i t should be used alongside v i s u a l 
a i d s , f i e l d w o r k , r e f e r e n c e books and d i s c u s s i o n , A 
v a r i e d approach can s u s t a i n i n t e r e s t and enthusiasm 
f o r the s u b j e c t . 
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Chapter 7 PROGRAMME EVALUATION I - THE EXPERIMENT 
The primary aim of the comparative experiment i s 
to provide an o b j e c t i v e assessment of the e f f e c t i v e n e s s 
of t h e l e a r n i n g programme by comparing i t s performance 
under c o n t r o l l e d c o n d i t i o n s w i t h other methods of 
t e a c h i n g the same m a t e r i a l , i n p a r t i c u l a r with the 
normal method of p r e s e n t a t i o n . I n a d d i t i o n the 
experiment may i n d i c a t e the best r o l e f o r the i n s t r u c t o r 
when d e a l i n g w i t h t h i s type of i n s t r u c t i o n a l m a t e r i a l . 
The study aims to provide information, other than 
s u b j e c t i v e impression, on the performance of the teaching 
m a t e r i a l developed - the l e a r n i n g programme. The 
hypothesis which i s i n v e s t i g a t e d i s 'That there i s no 
s i g n i f i c a n t d i f f e r e n c e between the three d i f f e r e n t teaching 
methods used i n the experiment. 
The Experiment 
The t e a c h i n g o b j e c t i v e i s to promote a knowledge of 
the form and e v o l u t i o n of v a r i o u s landforms r e s u l t i n g 
from g l a c i a t i o n as r e q u i r e d by the G.C.E. '0 L e v e l 
examination and to permit t h e i r p r e s e n t a t i o n by t h e 
student i n w r i t t e n form. 
The three teaching methods used were l e a r n i n g 
programme only, l e a r n i n g programme plus d i s c u s s i o n 
and t r a d i t i o n a l methods. 
The c r i t e r i a used i n the comparison were ( i ) r e c a l l 
of f a c t u a l information; ( i i ) the comprehension of 
p r i n c i p l e s i n v o l v e d and the a b i l i t y to deduce from 
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these p r i n c i p l e s and ( i i i ) essay w r i t i n g s k i l l i n the 
form of s h o r t d e s c r i p t i v e answers to t e s t the p r e s e n t a t i o n 
of m a t e r i a l i n an ordered way. 
Experimental Design 
( a ) Experimental m a t e r i a l 
The t e a c h i n g t o p i c was g l a c i a t i o n a t the middle school 
l e v e l f o r p u p i l s p r o g r e s s i n g towards G.O.E. i n geography. 
T h i s was presented i n the form of the l e a r n i n g programme 
only i n Group I , I n Group I I the l e a r n i n g programme was 
s t u d i e d as homework assignments and these were followed 
by d i s c u s s i o n and review. I n the normal l e s s o n 
p r e s e n t a t i o n (Group I I I ) care was taken to use the same 
m a t e r i a l content but here use was made of the normal 
l e s s o n ' t o o l s ' such as an a t l a s , maps, the overhead 
p r o j e c t i o n of photographs, Ordnance Survey maps and a 
textbook"^. 
The experimental s u b j e c t s were 84 t h i r d form g i r l s 
i n a High School i n Northern England. The p u p i l s 
entered the sc h o o l , a 13 - 18 Comprehensive School, 
a t the beginning of the t h i r d year of secondary 
education as the r e s u l t of p a r e n t a l choice a s s i s t e d 
by Headteacher a d v i c e . The p u p i l s were given the AH^ 
Group T e s t of General I n t e l l i g e n c e i n order to d i s c o v e r 
i f the m a j o r i t y of,the p u p i l s d i d , i n f a c t , approximate 
to known G.C.E. candidates i n a b i l i t y . The mean General 
I n t e l l i g e n c e s c o re ( i n raw score terms) i s 80.38 
(S.D. 13.10) and the average age i s 14 years 1 month. 
1 C. S. Clowser (1963) P h y s i c a l and Human Geography - B l a c k i e 
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The. N a t i o n a l Norms f o r fourteen-Year-Old Grammar School 
c h i l d r e n reported by Heim (1967) i s 85.26 (S.D. 11.21). 
C r i t e r i o n t e s t s (Appendix, ( x i i ) ) were prepared to 
t e s t the l e a r n i n g which occiirred as a r e s u l t of the 
v a r i o u s t e a c h i n g methods employed. These t e s t s 
c o n s i s t e d of: 
(1) a c r i t e r i o n t e s t which was completed by p u p i l s i n 
a l l t e a c h i n g groups on t h r e e occasions - as a p r e - t e s t , 
as a p o s t - t e s t on the completion of i n s t r u c t i o n and as 
a r e t e n t i o n t e s t f i v e weeks l a t e r . T h i s t e s t i s a 
s i m i l a r t e s t to t h a t normally given to the p u p i l s on 
completion of the study of a t o p i c i n geography. The 
t e s t i s o b j e c t i v e i n nature i n t h a t questions are 
numerous so that most p o i n t s taught are included and 
s p e c i f i c , l e a v i n g l i t t l e room f o r s u b j e c t i v e impression. 
T h i s t e s t covers the theory of g l a c i a t i o n only. Questions 
on map i n t e r p r e t a t i o n are given at a l a t e r date as i s 
the w r i t e r s normal p r a c t i c e . 
( 2 ) A G.C.E. question on the theory of g l a c i a t i o n and 
a G.C.E. question on map i n t e r p r e t a t i o n . These t e s t s 
were g i v e n nine weeks a f t e r i n s t r u c t i o n . 
(b) The Experiment 
The 84 p u p i l s were a l l o c a t e d at random"*" to three 
c l a s s e s on admission to the school a t 13+ and these 
three c l a s s e s were used as the experimental groups. 
Group I s t u d i e d by l e a r n i n g programme only. 
Group I I ' h a d l e a r n i n g programme and d i s c u s s i o n . 
Group I I I had the normal l e s s o n p r e s e n t a t i o n . 
1 F i s h e r , R.A. and Yates , F. (1963) S t a t i s t i c a l T a b l e s . 
O l i v e r and Boyd. 
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I n order to reduce p e r s o n a l i t y e f f e c t s to a 
minimum i t was decided to make the c l a s s not normally 
taught by the experimenter Group I . The remaining 
c l a s s e s were a l l o c a t e d to treatments a r b i t r a r i l y . 
Groups I and I I were introduced to the programmed 
l e a r n i n g method of i n s t r u c t i o n and then a l l groups 
completed the p r e - t e s t before work began. P u p i l s 
were t o l d t h a t they were not expected to know the 
answers to the p r e - t e s t but t h a t the experimenter 
needed to f i n d out i f anyone knew some or a l l of the 
answers at the o u t s e t . 
A l l treatments were given to each group by the 
experimenter and i n t h i s way the s t a f f v a r i a b l e was 
e l i m i n a t e d . The l e s s o n s were given over a period of 
three weeks a t the times and i n the rooms a l l o c a t e d 
to the r e s p e c t i v e geography c l a s s e s on the school 
t i m e - t a b l e . Teaching periods were of 35 minutes duration 
and p a r t i c u l a r care was taken to see that a l l l e s s o n s 
were of normal l e n g t h and t h a t abnormal i n t e r r u p t i o n s 
did not occur during the experimental period. Table 7,1 
shows t h a t some c l a s s e s had l e s s o n s e a r l y i n the day 
or week while others were l a t e r . I t was not p o s s i b l e 
to e l i m i n a t e t h i s v a r i a b l e . 
105 
TABLE 7.1 Time-Table f o r Experimental Groups (March 1970) 





F r i . 6th 
Pre-T e s t ( 6 ) 
1 (3) 
2 (3) Pre-Test ( l ) 
1 (4) Pre-Test-»"i (7) 
1 ( 2 ) 





3 ( 6 ) 
4 (3) 2 ( 1 ) 
3 ( 4 ) 2 ( 7 ) 







P o s t - T e s t ( 5 ) 
4 (1) 
5 ( 4 ) 
Post-Test ( 5 ) 
4 & 5 (7)&(8) 
Post-Test ( 5) 
Key 
Lesson i n s e r i e s i n b l a c k 
Teaching period i n ( b r a c k e t s ) 
A l l groups were t o l d t h a t a t e s t would be given a t 
the end of the t o p i c as i s normal i n these c l a s s e s , and 
towards the end of i n s t r u c t i o n the t e s t period was in d i c a t e d , 
Study time spent on the to p i c was not i d e n t i c a l f o r 
a l l groups because no homework was s e t f o r Group I while 
homework was an i n t e g r a l p a r t of the work i n Groups I I 
and I I I . The l e a r n i n g programme, however, was a v a i l a b l e 
f o r p r i v a t e study i n Group I i f r e q u i r e d . Group I had 
5 l e s s o n s . Group I I 5 l e s s o n s and 5 homework periods and 
Group I I I 5i- l e s s o n s and 5 homework p e r i o d s . 
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Where inc l u d e d homework i s given during the l e s s o n 
and i s planned to be of 30 minutes duration. Evidence 
afforded by the programme response sheet i n d i c a t e d t h a t 
a l l Group I I spent t h i s time working on the programme. 
I t was not p o s s i b l e t o check that a l l Group I I I had 
done the homework or how long they spent on i t . No 
s p e c i f i c homework was s e t f o r Group I but many p u p i l s 
borrowed the programmes f o r p r i v a t e study p r i o r to the 
G.O.E, type t e s t . 
The Lessons 
Group I worked through the l e a r n i n g programme at 
the r a t e of one s e c t i o n per l e s s o n and p u p i l s worked 
at t h e i r own speed w i t h i n the l e s s o n . A s s i s t a n c e was 
given only when requested. When each p u p i l had worked 
through the s e c t i o n they then attempted the s e c t i o n t e s t 
on the answer sheet provided. These answer sheets were 
marked and returned to the p u p i l s at the next l e s s o n . 
Group I I worked through S e c t i o n 1 of the programme 
during the f i r s t l e s s o n to enable- everyone to become 
f a m i l i a r w i t h the programme format and the l e a r n i n g 
programme technique. A l l subsequent s e c t i o n s provided 
homework s e s s i o n s and s e c t i o n t e s t s were marked as i n 
Group I . The remaining four l e s s o n s were used to d i s c u s s 
programme content, to answer questions and to summarise 
the m a t e r i a l presented. 
I n Group I I I the normal teaching method was used. 
During the period of the experiment a number of 
p u p i l s were absent on one or more days, Table 7.2 gi v e s 
the d e t a i l s . 
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Table 7-,2 Absentees from Experimental Groups (n 26 per group) 
Lesson Group I Group I I Group I I I 
1 3 1 
2 1 1 
3 1 1 2 
4 1 
5 1 1 
I n Group I there were two absentees but only one p u p i l 
f a i l e d to work s e c t i o n 5. I n Group I I there were 7 
absentees - t h i s r e s u l t e d i n 4 d i s c u s s i o n l e s s o n s being 
missed and one p u p i l f a i l i n g to work the f i n a l two s e c t i o n s 
of the programme. I n Group I I I 4 l e s s o n s and homeworks 
were omitted. I t appears that one of the advantages of 
the programme l e a r n i n g method i s that absentees can study 
the l e a r n i n g m a t e r i a l p r i v a t e l y at a l a t e r date. 
The p o s t - t e s t was given to a l l groups a t the same 
time so t h a t there was no p o s s i b i l i t y of c o n f e r r i n g 
between groups. The t e s t took place i n three separate 
rooms w i t h three s u p e r v i s o r s . To reduce the e f f e c t of 
the examiner v a r i a b l e p r e c i s e i n s t r u c t i o n s were given 
to each p u p i l on a c l e a r l y typed question sheet. A l l 
groups were given t h i r t y minutes uninterrupted time f o r 
the t e s t . A l l p u p i l s who completed t h i s p o s t - t e s t are 
i n c l u d e d i n the experimental r e s u l t s . 
R e t e n t i o n was t e s t e d approximately f i v e weeks a f t e r 
i n s t r u c t i o n using the same examination procedure. 
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Because i t was rete n t i o n and not possible reinforcement 
which was to be tested the pupils were given no advance 
warning of t h i s t e s t , 
Nine weeks a f t e r i n s t r u c t i o n s a fur t h e r t e s t was 
given to a l l groups consisting of a) a G.C.E. theory 
question and b) a G.C.E. map i n t e r p r e t a t i o n question. 
The aim of t h i s test was to examine the performance of 
each teaching method i n the normal school s i t u a t i o n . 
Pupils were t o l d of t h i s examination and i t s date i n 
advance and to make the motivation as r e a l i s t i c as 
possible marks obtained were to be included i n the end-
of-year geography examination r e s u l t . The learning 
programme, lesson notes, textbooks etc. were available 
to the appropriate groups f o r revision purposes. 
Table 7.3 gives a summary of the experimental design. 
Table 7.3 Experimental Design - Teaching Methods and Tests 
Group kH^ Pre-Test Teaching Method Post-Test Retention G.C.E. O.S. 
I 
I I 







P i l o t study 
I d e a l l y i n an experiment of t h i s nature a small p i l o t 
study i s carried out i n order to t e s t the experimental 
materials and procedures and to provide s t a t i s t i c s f o r 
a preliminary analysis. 
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I n t h i s study the shortage of time and suitable pupils 
did not permit such a study. The experimenter had, 
however, knowledge of the learning programme gained 
i n the v a l i d a t i o n stage of programme development and 
had given lessons on g l a c i a t i o n at t h i s l e v e l on a 
number of occasions. Experience i n the d i f f i c u l t i e s 
and problems posed by a comparative teaching methods 
experiment had been obtained i n previous work"'". 
(c) Assessment of the learning programme 
A summary of the effectiveness of the learning 
programme as i l l u s t r a t e d by the f i n a l v a l i d a t i o n data 
gives a post-test gain r a t i o of 1.45 w i t h a retention 
gain r a t i o of 0.9> f o r g l a c i a t i o n theory. This indicates 
that substantial learning had occurred and that much of 
the material had been retained a f t e r a period of one 
month. The map i n t e r p r e t a t i o n of g l a c i a l highland 
features indicated a much lower post-test gain (0.75) 
and a much lower r e t e n t i o n gain (0.56) and t h i s part 
of the learning programme was considered to be 
unsatisfactory. For t h i s reason the comparative 
experiment concentrates on g l a c i a t i o n theory. 
(d) Description of the Measuring Instruments used i n 
the Experiment. 
( i ) General I n t e l l i g e n c e A b i l i t y 
The General A b i l i t y of a l l pupils was obtained by 
using the AH^ Group Test of General I n t e l l i g e n c e . 
1 Elizabeth Shepherd (1968) 'Some aspects of the usefulness 
of t e l e v i s i o n as a teaching medium, with p a r t i c u l a r 
reference to the study of Geography'. Unpublished thesis 
Dip.Sec.Ed. Cambridge I n s t i t u t e of Education. 
110 
The r e l i a b i l i t y of t h i s t e s t , measured on a t e s t - r e t e s t 
basis, i s reported as being 0.9 (A.W.Heim 1967). An 
estimate of the v a l i d i t y of the test based on co r r e l a t i o n 
w i t h s i m i l a r tests i s 0.6. 
( i i ) Achievement tests 
Post-test and re t e n t i o n attainment were measured by 
an objective type t e s t (Brown 1966). This te s t covers 
a large number of points and no overlapping occurs. 
The^questions require precise answers and can be accurately 
marked. 
The r e l i a b i l i t y of t h i s t e s t was calculated by the 
t e s t - r e t e s t method with the scores of a l l pupils 
completing the post-test and retention t e s t providing 
the data. The c o r r e l a t i o n of 0.89 i s s i g n i f i c a n t (p<.01). 
The objective t e s t design f a c i l i t a t e s the construction 
of a v a l i d t e s t . This i s an achievement test c a r e f u l l y 
w r i t t e n to examine a detailed programme/iesson content. 
( i i i ) G.C.E. questions 
The theory and map reading questions are based on 
questions set by the Northern Joint Board. This 
examination i s more subjective i n nature. Items tested 
cover a much smaller sample of the programme/lesson 
content and the p u p i l i s required to give essay type 
answers. 
(e) S t a t i s t i c a l Analysis Techniques used i n the Comparative 
Study. 
The fo l l o w i n g s t a t i s t i c a l methods have been used 
i n the analysis of data obtained from the study. 
I l l 
( i ) Standard deviation with small samples S.D. J ^ 
// N - 1 
( i i ) (a) Calculation of co r r e l a t i o n c o e f f i c i e n t s 
by using Bravais Pearson formula ^xy r = 
or (b) a Bivaniate Frequency D i s t r i b u t i o n 
( i i i ) Student's t f o r the comparison of the difference 
between two mean scores: 
^ 1 - ^ 2 
j ^ l ^ ^ / 1 ^: 1 S 
n2- 2 | 
( i v ) Simple Analysis of Variance i s used to test the 
significance of the differences between the mean scores 
obtained i n thg, three teaching groups at various stages. 
2 
The formula used re s u l t s i n the F r a t i o . 
( f ) Degree of Generalisation 
The comparative experiment was carried out by one 
teacher i n one school. Lindquist (1940) points out 
that any conclusions drawn from a methods experiment 
i n one school are s t r i c t l y applicable to only that school, 
The reason f o r t h i s i s that pupil performance depends 
upon the previous experience of the pupils - the previous 
teaching method used or the study habits required by the 
pupils may have been s i m i l a r , 
1 Ferguson (1959) page 95 
2 Ferguson (1959) page 237 
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I 
I t |is f e l t , however, that because the pupils taking 
part i n t h i s experiment had recently transferred to the 
school ^from four Junior High Schools where they had been 
taught iby a number of teachers i n a v a r i e t y of teaching 
groups,; the r e s u l t s obtained have a wider application 
than i s normal i n t h i s type of study. 
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Chapter 8 PROGRAMME EVALUATION I I - STATEMEM! AND 
DISCUSSION OF RESULTS 
Control Variables 
Measures of General Int e l l i g e n c e and previous 
knowledge of the topic of g l a c i a t i o n were taken so that 
the r e s u l t s , as shown by the c r i t e r i o n tests i n the 
three teaching groups, could be equated. A l l test 
r e s u l t s obtained i n the comparative experiment are 
recorded i n Appendix ( x i i i ) . 
The mean General In t e l l i g e n c e scores f o r the three 
teaching groups were compared. An analysis of variance 
computation i s shown i n Table 8.01; t h i s gives a no 
s i g n i f i c a n t difference r e s u l t at the 59^  l e v e l . 
Table 8.01 Analysis of Variance - General Intelligence (n 78) 
Source of Variance Variance 
degrees of 
freedom mean square 
Between groups 508.04 2 254.02 
Within groups 12704.55 75 169.39 
Total 13212.74 77 
P = 1,5 df 75 P>.05 
The analysis of the pre-test scores f o r the three 
teaching groups yielded a similar r e s u l t as shown i n 
Table 8.02. 
Table 8.02 Analysis of Variance - Pre-test Scores (n 78) 
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Source of Variance Variance 
degrees of 
freedom mean square 
Between groups 8.84 2 4.42 
Within groups 522.47 75 6.97 
Total 532.24 77 
F = 0.63 p> 0.05 
Because the mean.General Intelligence score and 
pre-knowledge scores were not s i g n i f i c a n t l y d i f f e r e n t 
i n the teaching groups i t was considered that the groups 
were equivalent f o r the purpose of t h i s study. 
As indicated i n Chapter 6 the learning r e s u l t i n g 
from programme study i n the v a l i d a t i o n of the programme 
was considered to be at an acceptable l e v e l with the 
exception of the Ordnance Survey map i n t e r p r e t a t i o n . 
I n t h i s experiment map i n t e r p r e t a t i o n i s included only 
at the f i n a l stage and w i l l be stdidied independently. 
C r i t e r i o n Variables 
A comparison i s made i n each group between the 
mean pre-test score and the mean post-test score 
(Student:f)to f i n d out i f learning did occur i n a l l 
groups. The res u l t s of t h i s analysis appear i n Table 
8.03. These re s u l t s show that s i g n i f i c a n t learning 
occurred i n a l l groups. The three teaching methods chosen 
f o r t h i s experiment were a l l e f f e c t i v e i n producing 
s i g n i f i c a n t gains i n the experimental population. 
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Table 8.03 Comparison of Pre- and Post-test Results 
w i t h i n each Teaching Group 
Group I t = 11.11 p<.01 
Group I I t = 11.05 P<.01 
Group I I I t = 13.94 p<.01 
Following from t h i s the inve s t i g a t i o n sought to 
discover i f any one of these teaching methods was more 
e f f e c t i v e than the others. To t h i s end the pre-test 
scores were subtracted from the post-test scores to 
give a learning gain score f o r each p u p i l . The r e s u l t i n g 
f i g u r e s , recorded i n Table 8.04, show that programme 
plus discussion yielded the highest t o t a l scores and 
programme only the lowest t o t a l scores for the three 
teaching groups. 
Table 8.04 Post-test Gains for the three Teaching Groups 
(n 78)' 
Group Total Score Mean Score Standard Deviation 
I 391 15.04 5.94 
I I 439 16.88 6.38 
I I I 416 16 4.86 
These figures were used i n a simple analysis of 
variance computation. The F r a t i o of 0,66 gives no 
s i g n i f i c a n t difference between the mean scores of the 
teaching groups at the 5^ l e v e l , as shown i n Table 8.05. 
I t would seem that the additional time spent i n discussion 
i n Group I I did not s i g n i f i c a n t l y increase the l e v e l of 
learning above that achieved by Group I . 
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The-additional time spent i n Group I I I appears to have 
been necessary to e f f e c t the same l e v e l of success as 
i n the programme only group, Group I . I t would appear 
that t h i s i s a less e f f i c i e n t method of teaching t h i s 
p a r t i c u l a r subject matter. This r e s u l t i s similar to 
that recorded f o r 22 of the 49 experimental results 
summarised by Hartley (1966). 
Table 8.05 Analysis of Variance - Post-Test Gains (n 78) 
Source of Variance Variance 
degrees of 
freedom mean square 
Between groups 43.94 2 21.97 
Within groups 2489.91 75 33.20 
Total 2533.98 77 
F = 0.66 df 75 p> 0.05 
I n an attempt to see i f any of the teaching methods 
favoured the more or less i n t e l l i g e n t , the students were 
divided i n t o an upper and lower a b i l i t y range f o r each 
teaching group. These re s u l t s were analysed w i t h i n 
each group and f o r the whole population. The mean score 
gain r e s u l t s are recorded i n Table 8.06. 
Table 8.06 Mean Post-Test Gain Scores f o r two A b i l i t y Grades 
i n three Teaching Groups 
AH4 Group I Group I I Group I I I Total 
Above bU 16.93 18.2 17.17 17.35 
0 - 8 0 12.45 16.06 . 15.00 14.73 
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These figures indicate that the more i n t e l l i g e n t 
pupils achieved a higher mean score whichever teaching 
t 
method was used. The^test was used to compare the mean 
scores of the upper and lower i n t e l l i g e n c e divisions 
w i t h i n each teaching group and f o r the whole population. 
The mean scores w i t h i n each group were not s i g n i f i c a n t l y 
d i f f e r e n t , but f o r the t o t a l population the figure i s 
s i g n i f i c a n t at the ^ 'fo l e v e l . 
Table 8.07 A comparison of Gain Scores f o r two A b i l i t y Grades 
i n three Teaching Groups. 
Group I Group I I Group I I I Total 
t = 2.034 
df 24 
P> .05 
t = 0.8271 
df 24 
P> .05 
t = 1.142 
df 24 
P>.05 
t = 2.056 
df 76 
P<.05 
A c o r r e l a t i o n between i n t e l l i g e n c e and achievement 
as shown by post-test gain scores exists and i s 
s i g n i f i c a n t at the 1% l e v e l i n a l l groups. 
Group I 
0.776 
Group I I 
0.6567 
Group I I I 
0.7543 
Some f i v e weeks a f t e r the completion of i n s t r u c t i o n 
the same c r i t e r i o n t e s t was completed by a l l groups. 
The pupils were not t o l d i n advance about the t e s t so that 
the scores achieved gave a measure of the retention of the 
learning vsrhich had occurred. This retention score minus 
pre-test score gave the r e t e n t i o n gain score used i n the 
next computation. 
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Table 8.08 Analysis of Variance - Retention Test Gains 
( a f t e r 5 weeks) (n 73) 
Source of Variance Variance df mean square 
Between groups 155.27 2 77.63 
Within Groups 2015.45 70 28.79 
Total 2170.99 72 
F = 2.697 
2 
df70 p> 0.05 
The resul t s show that there i s no s i g n i f i c a n t 
difference between the mean scores i n the three teaching 
groups f o r re t e n t i o n . Each teaching method was equally 
successful f o r the c r i t e r i a tested f i v e weeks a f t e r 
i n s t r u c t i o n . This r e s u l t i s simila r t o that recorded 
i n 17 of the 19 comparative experiments carried out i n 
schools and l i s t e d by Hartley (1966). 
I t i s , however, more normal i n the teaching s i t u a t i o n 
f o r pupils t o be tested at the end of the school year or 
at the end of the G.G.E. course. Pupils are then aware 
of the event and most revise work covered using t h e i r 
t e x t or t h e i r own work record. Because of the d i f f e r e n t 
teaching methods used the amount and type of material 
available f o r t h i s r e v i s i o n work d i f f e r e d i n the groups. 
I t was thought that the programme only group might be at 
a disadvantage because t h e i r r e v i s i o n material consisted 
of a rather lengthy learning programme only. The f i n a l 
t e s t i n t h i s study was designed to te s t the performance 
of the various teaching methods i n t h i s s i t u a t i o n and 
was given nine weeks a f t e r study. This time a G.C.E. 
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type question was used to test ( i ) theory; ( i i ) map 
i n t e r p r e t a t i o n . 
Table 8,09 Analysis of Variance - G.C.E. gl a c i a t i o n theory 
( a f t e r 9 weeks) (n 72) 
Source of Variance Variance df mean square 
Between groups 89.14 2 44.57 
Within groups 1528.83 69 22.16 
Total 1617.78 71 
F = 2.01 
2 
df 69 p> 0.05 
Again a no s i g n i f i c a n t difference r e s u l t WaS obtained 
f o r the theory examination. Any difference i n the mean 
scores which did exist could have been the r e s u l t of 
sampling error. 
Table 8,10 Analysis of Variance - G.C.E. map in t e r p r e t a t i o n 
( a f t e r 9 weeks) (n 72) 
Source of Variance Variance df mean square 
Between groups 12.38 2 6.19 
Within groups 159.58 69 2.31 
Total 171.96 71 
F = 2.68 
2 
df 69 p>0.05 
The r e s u l t of the analysis of variance f o r the data 
provided by the map i n t e r p r e t a t i o n c r i t e r i o n test i s , at 
f i r s t s i g h t , surprising. This section of the learning 
programme was unsatisfactory at the developmental stage 
of programme construction. 
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A s i g n i f i c a n t r e s u l t i n favour of t r a d i t i o n a l teaching 
methods seemed the l o g i c a l expectation. I n fa c t t h i s 
was not the case. None of the teaching methods used i n 
the experiment was more successful than the others. 
The reason f o r the comparative f a i l u r e of a l l methods 
here probably arose because the pupils lacked the necessary 
s k i l l s to i n t e r p r e t contour maps. I t may be that the 
t h i r t e e n to fourteen age group i s too early to study 
map i n t e r p r e t a t i o n or that g i r l s have p a r t i c u l a r d i f f i c u l t i e s 
w i t h i t . 
A survey of the l i t e r a t u r e gives l i t t l e conclusive 
evidence on t h i s point. Long and Roberson (1966) include 
map i n t e r p r e t a t i o n of physical features i n a proposed 
scheme of work f o r t h i r d and f o u r t h year grammar school 
pup i l s . Brown (1960) summarised an inv e s t i g a t i o n i n t o 
the problems of teaching map reading. He suggests that 
map i n t e r p r e t a t i o n of physical features presents the 
hardest task to the teacher and i s doubtful whether i t 
should be attempted before the age of fourteen. Boys 
were better than g i r l s at map reading generally between 
the ages of twelve and fourteen. I t i s possible that 
the comparative f a i l u r e to teach map reading by any of 
the teaching methods used i n the evaluation experiment 
may be explained i n t h i s way. 
The evaluation experiment i l l u s t r a t e s , however, 
that the learning programme developed i n t h i s study was 
able to teach the c r i t e r i a chosen fo r .comparison as 
e f f e c t i v e l y as the normal teaching procedure and requires 
less time to do so. 
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The learning programme can also be used e f f e c t i v e l y with 
other teaching methods as i l l u s t r a t e d i n Group I I . 
I t must be remembered, however, that the programmed 
learning method was new to the pupils using i t and t h e i r 
r e s u l t s may have been enhanced by the Hawthorne e f f e c t . 
A l l groups were aware that they were taking part i n a 
teaching experiment and i t i s probable that the marks 
i n a l l groups were affected i n t h i s way to some extent. 
I t i s possible that a f t e r the i n i t i a l i n t e r e s t shown 
i n programmed learning pupils would become less interested 
i f the method were used exclusively over an extended 
period of time. I f the learning programme could not 
sustain p u p i l i n t e r e s t a drop i n the achievement l e v e l 
would r e s u l t . 
I t i s true that many pupils prefer to work alone 
and at t h e i r own pace but many others appear to respond 
better to group involvement. Some teachers argue that 
social i n t e r a c t i o n i s an essential component of learning. 
I f used along w i t h others forms of i n s t r u c t i o n programmed 
learning can make a s i g n i f i c a n t contribution to the 
learning scene. I n t h i s experiment the programme used 
proved to be as e f f e c t i v e i n achievement and more 
economical i n time than the teaching method normally 
used i n the school f o r the c r i t e r i a tested. 
I t appears that i f a suitable learning programme 
i s available the teacher should consider using i t i n 
any scheme of work being prepared. 
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The programme w i l l be suitable i f i t s contents and 
objectives are those required by the teacher and the 
programme has been validated f o r use with pupils of 
the same age and a b i l i t y range. 
Programmes which f i t these requirements are not, 
however, always r e a d i l y available. At the outset of 
t h i s enquiry there was only one programme on g l a c i a t i o n 
at '0' Level and t h i s was unsuitable because the content 
material i n sections 3, 4 and 5 of t h i s study was 
ommitted. The programme"^ had also been developed f o r 
use w i t h 16+ examination candidates drawn from secondary 
2 
modern schools. Since then another programme has been 
developed f o r the 13-15 age range but t h i s time no a b i l i t y 
range i s indicated. I n both these programmes no in d i c a t i o n 
i s given of anticipated performance levels. 
1 G. Kitchen (1965) Glaciers. Wiltshire (Linear, 120 frames,2ihrs). 
2 M.R. Clayton (1967) The Work of Ice. Packman (Linear, 57 frames, 
55 minutes).! 
123 
SUMMARY and CONCLUSIONS 
To sum up, the aim of the study was to w r i t e a 
learning programme i n geography f o r prospective '0' 
Level examination candidates and to validate and 
evaluate the learning programme produced. 
Glaciation was chosen from the school syllabus 
as a suitable topic f o r programming because of the 
s t a b i l i t y of the content material and the estimated 
time requirement. The programme was developed f o r use 
i n the school s i t u a t i o n and i t s a t i s f i e s the examination 
requirements of the Joint Matriculation Board. 
A l i n e a r programme with overt response was considered 
to be most appropriate because the material to be 
taught to the above average a b i l i t y 13+ - 14+ pupils 
was unfamiliar and f a c t u a l . 
The f i n a l version of the learning programme 
consists of 144 frames grouped into f i v e sections. A 
number of Panels making use of accounts, maps, photographs 
and an Ordnance Survey map are included. Each section 
can be worked i n a lesson period of 35 - 40 minutes. 
if.-
Pupils work at t h e i r own pace w i t h i n these l i m i t s and 
enter t h e i r responses on prepared work sheets. Each 
section ends with a section t e s t . 
The f i n a l version of the learning programme i s a 
re s u l t of analysis of the learning effects produced at 
the various stages of programme development. The pupils 
who assisted i n programme development attended a 13 - 18 
Gi r l s High School. 
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Four stages were found to be necessary i n the 
v a l i d a t i o n process before the c r i t e r i o n f o r success 
(Gain R a t i o of 1.2) was achieved. Programme r e v i s i o n s 
were based on p u p i l performance i n the p o s t - t e s t . Where 
a t e s t item i n d i c a t e d f a i l u r e i n a teaching point ( l e s s 
than 70^ s u c c e s s ) the t e s t question was checked and t h i s 
was followed by an a n a l y s i s of key frame response e r r o r s 
and the sequence of frames l e a d i n g to the key frames. 
I n g e n e r a l a key frame e r r o r r a t e of l e s s than 59^  and 
an o v e r a l l e r r o r r a t e of l e s s than lOfo was sought. 
The f i n a l programme r e v i s i o n was a l s o based on a chart 
which recorded the s t r u c t u r e of the penultimate programme, 
Thi s c h a r t records the number and p o s i t i o n of teaching 
p o i n t s i n each s e c t i o n ; the f u n c t i o n of each frame; the 
type of prompt used and the method of l i n k i n g teaching 
p o i n t s . 
I n the f i n a l v a l i d a t i o n an o v e r a l l Gain Rat i o of 
1.38 was recorded. Frame response e r r o r s of 6.92?$ f o r 
key frames and 5»895 o v e r a l l were obtained. 
The l e a r n i n g programme c o n s i s t s of four s e c t i o n s 
d e a l i n g w i t h the theory of g l a c i a t i o n and one s e c t i o n 
w i t h the map. i n t e r p r e t a t i o n of g l a c i a l f e a t u r e s . The 
theory of g l a c i a t i o n taken as a u n i t r e s u l t s i n a Gain 
R a t i o of 1.43 w i t h frame response e r r o r s of 4.71^ and 
4.6^ r e s p e c t i v e l y . The map i n t e r p r e t a t i o n Gain R a t i o 
was 0.75 and frame response e r r o r s 19.11^ and 13.59?^. 
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The- l a t t e r was considered to be u n s a t i s f a c t o r y and i t 
was suggested, at t h i s stage, that the p u p i l s concerned 
i n -programme development lacked the b a s i c map reading 
s k i l l s n e c e s s a r y f o r t h i s kind of e x e r c i s e . 
A complete programme Gain R a t i o of 0.87 was recorded 
f o r r e t e n t i o n of l e a r n i n g a f t e r a period of one month. 
The l e a r n i n g programme was then used i n a teaching 
methods experiment so t h a t i t s performance could be 
compared with the method of i n s t r u c t i o n nonnally used 
i n the s c h o o l . P u p i l s were randomly a l l o c a t e d to three 
t e a c h i n g groups. The t e a c h i n g methods were:- l e a r n i n g 
programme only; l e a r n i n g programme plus d i s c u s s i o n and 
the normal teaching method. A l l groups showed s i g n i f i c a n t 
gains i n the p o s t - t e s t . A number of comparisons were 
made between the mean s c o r e s of the three groups 
( i ) p o s t - t e s t gains ( i i ) r e t e n t i o n gains (5 weeks l a t e r ) ; 
( i i i ) G.C.E. theory (9 weeks l a t e r ) ; ( i v ) G.C.E. Map 
i n t e r p r e t a t i o n (9 weeks l a t e r ) . I n a l l these computations 
a r e s u l t of no s i g n i f i c a n t d i f f e r e n c e was obtained. 
The g e n e r a l c o n c l u s i o n i s that the l e a r n i n g programme 
developed i n t h i s study was as e f f e c t i v e i n teaching 
the t o p i c of g l a c i a t i o n as the teaching method normally 
used i n the school i n which the experiment took p l a c e 
f o r the c r i t e r i a t e s t e d and i n f a c t did so i n l e s s time. 
An i n t e r e s t i n g point which emerged from the enquiry 
r e l a t e d to the problem of teaching map i n t e r p r e t a t i o n 
to the 13 - 14 year old age group. A f t e r four r e v i s i o n s 
the map r e a d i n g s e c t i o n of the l e a r n i n g programme did 
not r e a c h an a c c e p t a b l e l e v e l of s u c c e s s , yet the 
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comparative experiment i l l u s t r a t e d t h a t t h i s s e c t i o n of 
the l e a r n i n g programme was as e f f e c t i v e as the normal 
teaching method. I t may be that the comparative 
f a i l u r e i n t h i s a r e a i s a r e s u l t of the l a c k of 
ma t u r i t y on the p a r t of the p u p i l s concerned r a t h e r 
than an inherent f a u l t i n the teaching m a t e r i a l s or 
methods used. F u r t h e r i n v e s t i g a t i o n i s necessary to 
c l a r i f y the reason f o r f a i l u r e here. 
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Appendix ( i ) 
G,0.E. '0' Level questions on g l a c i a t i o n (1963-70.) 
June 1970 3. Each of the following processes can create 
landscape features: coral accumulation; g l a c i a l deposition; 
wind deposition; volcanic action. Choose three of these 
processes and f o r each; ( i ) w i t h the aid of diagrams 
describe one landscape feature which has resulted from 
the process and give reasons f o r i t s development; ( i i ) 
name a l o c a l i t y where such a landscape feature may be 
found. 
June 1968 3. Steep-sided valleys can be formed i n a 
va r i e t y of ways, ( i ) Describe with the aid of diagrams 
THREE d i f f e r e n t ways i n which they can be formed; ( i i ) 
i n each case name and locate an example, 
November 1967 4, Study the photographs (one of these 
was of a U-shaped v a l l e y , w i t h hanging valley and ribbon 
l a k e ) . Describe how the r e l i e f features shown on each 
photograph have been formed, 
November 1966 3, Choose TWO of the foll o w i n g : a limestone 
upland, a glaciated lowland, a r i v e r f l o o d p l a i n , a sand 
desert. For each of the two you have selected ( i ) w i t h 
the aid of diagrams, describe and give reasons f o r the 
ch a r a c t e r i s t i c features of the r e l i e f and drainage of 
such an area; ( i i ) name and locate an example. 
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June 1966 3. Choose THREE of the following processes 
of landscape formation: g l a c i a l erosion, wind deposition, 
volcanic action, coastal erosion, limestone solution, 
(a) Name ONE feature produced by each of the processes 
you have selected and i d e n t i f y a l o c a l i t y where such a 
feature may be found, (b) With the aid of diagrams 
describe and give reasons fo r the characteristics of 
the features you have named, 
November 1965 3. Select THREE of the following: an a t o l l , 
a d e l t a , a hanging v a l l e y , an ox-bow lake, a volcanic cone. 
For EACH ( i ) describe w i t h the aid of diagrams how such 
a feature has been formed; ( i i ) locate a pa r t i c u l a r example, 
Jxme 1964 3. Select two of the f o l l o w i n g : an ar^ t e , 
a chalk escarpment w i t h a spring l i n e , a r i a coastline, 
a gorge w i t h a w a t e r f a l l , a glaciated valley. For each 
( i ) draw a contoured sketch map to i l l u s t r a t e i t s 
c h a r a c t e r i s t i c features; ( i i ) explain, w i t h the aid of 
diagrams, how i t has been formed; ( i i i ) name and locate 
an example, 
June 1963 3. Select three of the following: an a t o l l , 
a c o r r i e , a h a f f , a r i f t v a l l e y , a volcanic cone. For 
each ( i ) state the l o c a t i o n of a p a r t i c u l a r example; 
( i i ) describe, and i l l u s t r a t e by diagrams, how such 
a feature has been formed. 
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Appendix ( i i ) 
Learning programme section tests used as pre-test. post-test 
and r e t e n t i o n t e s t , ( F i n a l Version) 
I n Section 4 questions 1, 2 and 3 test pre-requisite knowledge 
and are given i n the pre-test only, 
TEST 1 
Answer a l l questions, 
l ( i ) A t h i c k layer of ice and snow which covers a large 
lowland area i s an 
( i i ) One of these can be found i n , 
2 What i s a nunatak? 
3 ( i ) What i s an iceberg? 
( i i ) Why i s i t impossible f o r ships to see most of i t ? 
4 I n cold mountainous areas permanent snow collects 
i n large areas called and much smaller 
depressions (hollows) called , 
5 Name a mountain range which has permanent snow. 
6 The snow may f a l l quickly from the mountain side 
as an or move much more slowly, i n the 
form of i c e , as a , 
TEST 2 
Answer a l l questions, 
1 The ice w i t h i n a glacier does not move at the same 
speed. The ice near the m^oves slowest because 
2 a) Sometimes large cracks, called , form on 
the surface of the i c e , 
b) These cracks may be caused by i ) 
i i ) 
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c) The pinnacles of i c e , between the cracks, are 
3 The loose rock, which f a l l s onto the glacier from the 
mountain peaks, i s called . When i t i s 
carried along the sides of the glacier i t i s a 
4 
5 
Name a r i v e r which s t a r t s as a glac i e r . 
Draw a clear diagram to show how a moraine-dammed lake 
i s formed. Label your diagram. 
6 Give an example of a moraine-dammed lake. 
TEST 3 
Answer a l l questions. 
1 Name a highland area i n B r i t a i n which has been glaciated. 
2 The main work of the i c e , i n a highland area, i s to 
the surface, 
3 a ) ( i ) Describe a co r r i e 
( i i ) Draw a labelled diagram to show how i t was formed, 
( i i i ) Give an example, 
b) What i s an arete? 
c) Where are corries and aretes found i n these highland 
areas, 
4 a ) ( i ) What i s the main valley i n a glaciated highland 
area called? 
( i i ) How does i t d i f f e r i n shape from a normal r i v e r valley? 
b) Label the three features indicated on t h i s diagram. 
c ) ( i ) Describe a ribbon lake 
( i i ) Give one example. 
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TEST 4 
Use the O.S. map of p a r t of the Snowdon D i s t r i c t f o r 
t h i s t e s t . The map i s on page 55 or 58 i n Margaret Wood- -
Map Reading f o r Schools. ( P a r t of t h i s map was masked so 
t h a t p u p i l s were r e s t r i c t e d to the a r e a south-west of 
n o r t h i n g 60 and e a s t i n g 6 3 ) . 
1 Fame the l a k e i n g r i d square 6459. 
2 L l y h Ogwen i s the l a r g e s t l a k e on t h i s map. I n which 
d i r e c t i o n from L l y n Ogwen i s the s m a l l e s t l a k e L l y n y Own? 
3 a) Name the r i v e r shown on 
t h i s contour map. 
b) The h i g h e s t land shown on 
t t i i s map i s over f e e t . 
4 F i n d evidence, from the map, which suggests that t h i s 
a r e a of Wales has been g l a c i a t e d , by g i v i n g one named 
example of each of the f o l l o w i n g f e a t u r e s : a r e t e , c o r r i e , 
U-shaped v a l l e y , hanging v a l l e y , ribbon l a k e . S t a t e 
c l e a r l y which i s which. 
TEST 5 
Answer a l l q u e s t i o n s . 
1 What i s an I c e Age? 
The work of the i c e i n a lowland a r e a i s to 2 
3 As a r e s u l t of g l a c i a t i o n , much of lowland B r i t a i n i s 
covered w i t h 
4 ( i ) E s k e r s are common i n . 
( i i ) D e s c r i b e an esker. 
( i i i ) How were es k e r s formed? 
5 ( i ) D escribe a drumlin. 
( i i ) Name one a r e a where drumlins can be found. 
6 Large boulders, c a r r i e d by the i c e and deposited many 
m i l e s from t h e i r point of o r i g i n , are c a l l e d 
A number of these can be found i n 
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Lea r n i n g programme s e c t i o n t e s t answers and marking scheme 
TEST 1 (1 mark each - t o t a l 1 0 ) . 
l ( i ) i c e sheet 
( i i ) Greenland ( A n t a r c t i c a ) 
2 d e f i n i t i o n of a nunatak. 
5 ( i ) " " a n i c e b e r g 
( i i ) only l / l O t h or 10?^ i s v i s i b l e 
4 snowfields 
c o r r i e s 
5 Alps ( o r any other) 
6 Avalanche 
g l a c i e r 
TEST 2 ( l mark each + 4 a d d i t i o n a l f o r diagram - t o t a l 15) 
1 s i d e s 
f r i c t i o n 
2 a) c r e v a s s e 
b) ( i ) w i d e n i n g 
( i i ) steepening ] 
c ) s e r a c s 
3 moraine 
l a t e r a l moraine 
4 Rhine ( o r any other) 
of the v a l l e y 
t e r m i n a l 
moraine 
r i v e r 
moraine-
dammed l a k e 
^ 1 mark f o r diagram 
4 marks f o r l a b e l s 
Windermere ( o r any other) 
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TEST 3 (1 mark each + 1 a d d i t i o n a l mark f o r 3 a ) ( i i ) - t o t a l 15) 
1 A g l a c i a t e d highland i n B r i t a i n . 
2 erode 
3 a ) ( i ) c i r c u l a r w i t h steep s i d e s and f l a t base 
( i i ) — . — - s h a t t e r i n g 
y> ^ ^ ^ r i n d i n g 
( i i i ) B l e a Tarn ( o r any other) 
b) razor-edged r i d g e 
c ) near the top 
4 a ) ( i ) U-shaped 
( i i ) U-shaped i n s t e a d of V-shaped. 
b) 1 ribbon l a k e or r i v e r ; 2 hanging v a l l e y ; 3 w a t e r f a l l 
c ) ( i ) long t h i n l a k e i n the bottom of a U-shaped v a l l e y 
( i i ) H a w e s w a t e r ( o r any other ) 
TEST 4 ( 1 mark each - t o t a l 5) 
One example each, from the map, of:- a r e t e , c o r r i e , U-shaped 
v a l l e y , hanging v a l l e y , ribbon l a k e . 
TEST 5 (1 mark each - t o t a l 10) 
1 D e f i n i t i o n of l e e Age 
2 d e p o s i t i o n 
3 boulder c l a y 
4 ( i ) Sweden ( o r any other) 
( i i ) low r i d g e s made of sand and g r a v e l 
( i i i ) the meltwater r e s o r t e d the moraine as the i c e sheet 
decayed. 
5 ( i ) s m a l l rounded h i l l s made of moraine 
( i i ) Co. Down; northern I r e l a n d (or any other) 
6 e r r a t i c s 
Austwick d i s t r i c t of the Pennines (or any other) 
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Appendix ( i v ) 
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Your answers aro r e q u i r e d f o r reisQarch purpoaes only. 
They a r c s t r i c t l y CONFIDHNTIAL,, 
Enter your answers on t h i s sheet T i c k vher© appro p r i a t e . 
Do 
ab 
EJQ' then you would have 
i^hod? 
'e or 10 
loaned lea. _ 
r l t h your 
[rauch noro -| 
1 more i j 
the same 
l e s s 
much l e s s 
tl 
prefer t h i s ai«t). 
mr more i - - ? 
most About the p 
much l e s s 1 l e s s 
the same { 
oiora 
much morel 
i.at do y « l e a s t about ti l e a r n i n g method? 
Can you BI y t h i n g which vrnuld mnk^ ^ thft TIQV^ m**'^  
( .So y 
H;ing? 
iiie fol7 s u b j e c t rour order of preference,by 
next to the s u b j e c t Like b e s t , 2 t l 
1 —! 
j i' rench 
Geojcraphv 
1 -Ti. gtojry 
TcTIStudlss 
j .'ia-ciiomatics | 
Piiy s i c o 
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Appendix ( v ) 
l e a r n i n g Programme - F i r s t V e r s i o n 
T h i s v e r s i o n of the l e a r n i n g programme was used i n 
the f i r s t stage of programme v a l i d a t i o n - the p r e l i m i n a r y 
t r i a l . The f i v e s e c t i o n s (149 frames) of the l e a r n i n g 
programme were worked by four p u p i l s during f i v e s e s s i o n s . 
Each frame of the programme i s p r i n t e d s e p a r a t e l y w i t h 
the c o n f i r m a t i o n on the r e v e r s e . P u p i l s entered t h e i r 
response to each frame on a prepared answer sheet before 
checking the c o r r e c t n e s s of t h e i r response. At the end 
of each s e s s i o n a s e c t i o n t e s t was worked. No p r e - t e s t 
was g i v e n a t t h i s s t a ge. 
I n d i v i d u a l student progress was observed during each 
s e s s i o n and students were asked to comment on t h e i r 
r e a c t i o n s to the work and to any d i f f i c u l t i e s which 
they encountered. 
A l l panels r e f e r r e d to i n t h i s v e r s i o n are the same 
as those i n the f i n a l prograimne and are i n Appendix ( i i i ) . 
P I i n d i c a t e s a frame i n S e c t i o n 1 of the f i r s t ( p r e l i m i n a r y ) 
v e r s i o n of the programme, P2 i n S e c t i o n 2 and so on. 
SECTION 1 








GLACIAL FEATURES IN MOUNTAINOUS AREAS 
SECTION 4 




GLACIAL FEATURES ON AN O.S.MAP 
P5 
TEST 1 
1 The temperature i s cold enough f o r snow to be present 
a l l the year 1) 2) . 
2 D e s c r i b e an i c e she e t . Give one example. 
3 Mountain peaks v i s i b l e i n a l a r g e a r e a covered by i c e 
are c a l l e d . 
4 The l i n e on a mountainside, above which snow i s always 
pr e s e n t i s the . 
5 What i s a r i v e r of i c e c a l l e d ? 
6 How does the snow change to i c e ? 
7 Name one a r e a i n Europe where snow and i c e are 
pr e s e n t a l l the year round. 
TEST 2 
1 Name one a r e a i n Europe which has snow f i e l d s and g l a c i e r s . 
2 I n which d i r e c t i o n s do a l l the g l a c i e r s move? 
3 Within the g l a c i e r , the i c e does not move a t the same 
r a t e . Which moves the slowest? Why i s t h i s ? 
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4 a) What i s a c r e v a s s e ? b) What i s a s e r a c ? 
Name two causes of c r e v a s s e s . 
5 The loose m a t e r i a l , which f a l l s onto the g l a c i e r , from 
the mountainside i s c a l l e d . What causes 
the mountain rock to f a l l i n t o p i e c e s ? 
6 What do numbers 2 and 3 i n d i c a t e i n Panel 2.1? 
7 Name a r i v e r which s t a r t s as a g l a c i e r . 
8 Draw a diagram to re p r e s e n t the end of a g l a c i e r . 
L a b e l t e r m i n a l moraine, snout, moraine-dammed l a k e . 
9 Name a moraine-dammed l a k e . 
TEST 3 
1 The main work of the i c e i n a highland a r e a i s 
2 Name a B r i t i s h Highland which has been g l a c i a t e d . 
3 L i s t 2 g l a c i a l f e a t u r e s which are present high up on 
the mountain s i d e . Give one example of each. 
Copy t h i s diagram and 
l a b e l 4 g l a c i a l f e a t u r e s 
5 Draw a l a b e l l e d diagram of a c o r r i e . Describe i t s 
c h i e f c h a r a c t e r i s t i c s . 
6 What i s an a r e t e ? 
7 ' How does a g l a c i a t e d v a l l e y d i f f e r from a r i v e r v a l l e y ? 
8 What i s a ribbon l a k e ? Name one. 
TEST 4 
1 The work of the i c e i n a lowland a r e a i s mainly 
2 I n the f o l l o w i n g d i a r t ( i ) l i s t the g l a c i a l f e a t u r e s 
p r e s e n t i n a lowland a r e a ( i i ) what are they made of? 
( i i i ) give one example.of each. 
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You w i l l r e q u i r e the O.S. map Panel 5.1 f o r t h i s t e s t . 
Use only the map a r e a e a s t of g r i d l i n e 10 and south 
of g r i d l i n e 16 f o r t h i s question. 
1 F i n d evidence on the map which suggests t h a t t h i s 
a r e a of the Lake D i s t r i c t has been g l a c i a t e d by 
g i v i n g one named example of each of the f o l l o w i n g : 
a r e t e , c o r r i e , U-shaped v a l l e y , hanging v a l l e y and 
r i bbon l a k e . S t a t e c l e a r l y which i s which. 
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L e a r n i n g Programme - Second V e r s i o n 
T h i s programme c o n s i s t s of f i v e s e c t i o n s (146 frames). 
The programme w i t h i t s a s s o c i a t e d p o s t - t e s t s was studied 
by t h i r t y p u p i l s during f i v e l e s s o n p e r i o d s . The frames 
are a g a i n presented on i n d i v i d u a l s l i p s of paper with 
the c o n f i r m a t i o n on the r e v e r s e . 
On t h i s o c c a s i o n a p r e - t e s t ( i n c l u d e d below) was 
given to the p u p i l s p r i o r to programme study. The 
p r e - t e s t and p o s t - t e s t are p a r a l l e l t e s t s . 
A l l panels r e f e r r e d to are the same as those used 
i n the f i n a l programme and a r e i n Appendix ( i i i ) . 
S I below i n d i c a t e s a frame i n S e c t i o n 1 of the second 
v e r s i o n of the l e a r n i n g programme. 
SECTION 1 







GLACIAL FEATURES IN MOUNTAINOUS AREAS 
S 3 
SECTION k 




GLACIAL FEATURES IN LOWI.AND AREAS= 
S5 
PRE-TEST 
Attempt a l l s e c t i o n s of t h i s paper. A l l answers to be 
w r i t t e n on the answer sheet provided. 
T e s t 1 
1 A l a r g e lowland a r e a covered by snow i s c a l l e d 
an _. Give one example. 
2 What i s an i c e b e r g ? 
3 A nunatak i s 
4 The snow accumulates on the mountains i n a 
or i n a much s m a l l e r , 
5 What i s the snowline? 
6 The snow may f a l l from the mountain s i d e as an 
or flow down a v a l l e y as a 
7 What i s a g l a c i e r ? 
T e s t 2 
1 A g l a c i e r moves s l o w l y down the mountainside. Because 
of f r i c t i o n the i c e a t the of the g l a c i e r moves 
more s l o w l y . 
2 The crates which form i n the i c e a r e c a l l e d , 
w h i l e the p i n n a c l e s of i c e between the c r a c k s are 
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3 These c r a c k s may form i n the i c e as i t moves because 
of ( i ) or ( i i ) 
4 What i s moraine? Describe how i t gets to the s u r f a c e 
of the i c e . The moraine c a r r i e d a t the edge of the 
i c e i s a moraine. 
5 Name a r i v e r which s t a r t s as a g l a c i e r . 
6 Draw a l a b e l l e d diagram which shows how a moraine-dammed 
l a k e i s formed. Give one example. 
T e s t 3 
1 The main work of the i c e i n a highland a r e a i s . 
2 i s a g l a c i a t e d highland i n B r i t a i n . 
3a) What i s an a r e t e ? b) Describe a c o r r i e with the a i d 
of a diagram, c ) Where are a r e t e s and c o r r i e s found i n 
a highland a r e a ? 
4 A g l a c i a t e d v a l l e y i s c a l l e d a v a l l e y . 
D e s c r i b e i t . 
5 How a r e hanging v a l l e y s formed? 
6 A ribbon l a k e i s i n shape. I t i s found 
i n . One example of such 
a l a k e i s . 
Tes t 4 Use the O.S. map f o r t h i s s e c t i o n 
1 The two red l e t t e r s i n g r i d square 1519 on the map 
are . 
2 The d i r e c t i o n of Lake Buttermere from Ennerdale 
Water i s . 
3 F i n d one example of each of the fol l o w i n g g l a c i a l 
f e a t u r e s from the map: a r e t e , c o r r i e , U-shaped v a l l e y , 
hanging v a l l e y , ribbon l a k e . State c l e a r l y which i s which. 
154 
T e s t 5 
1 The work of the i c e i n a lowland a r e a i s mainly 
2 Much of lowland B r i t a i n i s covered by 
3 E s k e r s are common i n They c o n s i s t of 
and and are formed by 
4 Drumlins are h i l l s made of 
They can be found i n B r i t a i n i n 
5 Large boulders deposited by the i c e many miles from 
t h e i r point of o r i g i n are c a l l e d , 
i s an example. 
POST-TEST 
TEST 1 
1 De s c r i b e an i c e sheet. Give one example. 
2 Mountain peaks v i s i b l e above an i c e sheet are 
c a l l e d . 
3 I n the mountains snow c o l l e c t s on the 
or i n s m a l l hollows c a l l e d . 
4 The l i n e on the mountainside, above which snow i s 
always present i s the . 
5 How does the snow change to i c e ? 
6 What i s a r i v e r of i c e c a l l e d ? 
7 Name one moimtain range i n Europe where snow and i c e 
ar e present a l l the y e a r round. 
TEST 2 
1 W i t h i n the g l a c i e r the i c e does not move at the same 
r a t e . Which moves the slowest? Why i s t h i s ? 
2a) What i s a c r e v a s s e ? b) Crevasses may be caused by 
i ) i i ) .c) What i s a s e r a c ? 
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3 The loose m a t e r i a l , which f a l l s onto the g l a c i e r , 
from the mountainside i s c a l l e d . What 
causes the mountain rock to f a l l i n t o p i e c e s ? 
4 What do numbers 1) and 2) 
show i n Panel 1.2? 
5 Name a r i v e r which s t a r t s as a g l a c i e r . 
6 Draw a diagram to repr e s e n t the end of a g l a c i e r . 
L a b e l t e r m i n a l moraine, snout, moraine-dammed l a k e . 
7 Name a moraine-dammed l a k e . 
TEST 3 
1 The main work of the i c e i n a highland a r e a i s 
2 Name a B r i t i s h highland a r e a which has been g l a c i a t e d . 
3 L i s t 2 g l a c i a l f e a t u r e s which are present high up on 
the mountainside. Give an example. 
y 1 
4 / — ^ ' Copy t h i s diagram and 
l a b e l 3 g l a c i a l f e a t u r e s 
^ V / on i t . 
5a) D e s c r i b e a c o r r i e b) draw a l a b e l l e d diagram to 
i l l u s t r a t e c ) E x p l a i n how the c o r r i e i s formed. 
6 What i s an a r e t e ? 
7 How does a g l a c i a t e d v a l l e y d i f f e r from a r i v e r v a l l e y ? 
8 What i s a ribbon l a k e ? Name one. 
TEST 4 
You w i l l r e q u i r e the O.S. map Panel 4.1 f o r t h i s t e s t . 
Use only the map a r e a e a s t of g r i d l i n e 10 and south 
of g r i d l i n e 16 f o r t h i s t e s t . 
1 F i n d evidence on the map which suggests that t h i s area 
of the Lake D i s t r i c t has been g l a c i a t e d by g i v i n g one 
example of each of the fo l l o w i n g f e a t u r e s : a r e t e , c o r r i e , 
U-shaped v a l l e y , hanging v a l l e y and ribbon l a k e . S t a t e 
c l e a r l y which i s which. 
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TEST- 5 
1 What i s the Ice Age? 
2 Name the 2 continents most affected by the Ice Age. 
3 The work of the i c e i n a lowland area i s mainly 
4 I n the following chart i ) l i s t the g l a c i a l features 
present i n a lowland area i i ) what are they made of? 
i i i ) where can you find one example of each? 
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Percentage of Errors occurring at each Frame (n 30) 



























































































( ) pupils f a i l i n g to reach t h i s frame. 
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Percentage of Errors occurring at. each Frame (n 29) 
Frame Frame Frame 9^  
9 (17 23 ( 3 17 
I52 U5 
10 17 18$ 21 24 48 
11 3 I s 15 15 
HI 15 7 m 25 45 1 19 45 15 
3 138 26 28 
(2 3 20 24 27 24 
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Percentage of Errors occurring at each Frame (n 24) 
Frame ' Frame ••9^  Frame 
[ ^ 9 8 (0 1 l 4 10 13 18 |o 
2 8 11 0 (0 
3 8 12 8 19 4 8 13 8 lo 
5 21 14 4 20 4 
6 13 15 17 21 4 
7 33 16 29 22 4 
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Percentage of Errors occurring at each Frame (n 23) 







































































( ) pupils f a i l i n g to reach t h i s frame 
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Appendix ( v i i i ) 
Learning Programme - Third Version 
The programme now comprises 154 frames arranged i n 
f i v e sections. I t i s duplicated i n booklet format and 
includes an explanatory introduction. A v e r t i c a l 
progression i s used with confirmation of student frame 
response at the top of the next frame. F i f t y one g i r l s 
worked through t h i s programme during f i v e lesson periods 
The t e s t s on pages 1-3 of the booklet were used 
as a pre-test and retention t e s t . Tests appearing at 
the end of each section were used as the post-test. 
These are p a r a l l e l t e s t s . 
A l l panels referred to are the same as those used 
i n the f i n a l programme and are i n Appendix ( i i i ) . 
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ABOUT THIS BOOKLET 
T h i s i a : a l e a r n i n g programme,which w i l l teach 
you about g l a c i a t i o n . T h e programme i s d i v i d e d i n t o f i v e 
main s e c t i o n s . E a c h section,which i s followed by a short 
t e s t , w i l l take you one Wesson to complete. 
The s e c t i o n s are sub-divided i n t o s m a l l pairts 
c a l l e d frames.You are asked to read the f i r s t frame and 
answer the ques t i o n s e t i n i t . W r i t e your answer on the 
answer sheet provided before moving on to the next frame. 
The next frame g i v e s you the c o r r e c t answer and a new piece 
of i n f o r m a t i o n . 
From tiJime to time the frames r e f e r you to maps, 
photographs etc,,which.are separate from t h i s booklet.They 
are c a l l e d P a n e l s , ; , 
F i r s t answer the f o l l o w i n g t e s t , o n the paper 
p r o v i d e d . I f you know most of the answers i t w i l l be 
unnecessary f o r you to study t h i s programme. 
GIACIATION PRE-TEST 
Attempt a l l f i v e p a r t s of t h i s t e s t . 
A l l answers are to be w r i t t e n on the answer sheet provided. 
TEST t 
1 ( i ) A l a r g e lowland area covered by an i c e and snow 
iff called^** . ( i i ) G i v e one example. 
A" ' 
2 A ntmatak i s • ^  • — ^  3 Wha  i s an iceberg? 
4 I n the mountains snow c o l l e c t s i n l a r g e 
or i n much s m a l l e r d e p r e s s i o n s (hollows) c a l l e d ^ 
5 The l i n e on the mountainside,above which snow i s 
always p r e s e n t , i a the 
6 The show may f a l l q u i c k l y from the mountain as an 
or flow v e r y s l o w l y down a v a l l e y as a ' 
7 Name a mbxintain range i n Europe,which has a snowfield. 
continue.xi over the page 
T e s t 2 
1 The i c e w i t h i n a moving g l a c i e r does not move a t ghe 
same speed. a)Which moves the slo w e s t ? b ) E x p l a i n t h i s , 
2 The c r a c k s which form i n the i c e are c a l l e d 
and the p i n n a c l e s of i c e between these c r a c k s are , 
3 Th e s e . c r a c k s w i l l form i n the i c e i f the v a l l e y 
suddenly e i t h e r or 
k i ) VJhat causes p i e c e s of rock to break o f f the 
no\mtain peaks? i i ) T h i s loose m a t e r i a l , w h i c h f a l l s onto the 
g l a c i e r X4 ^nd i s c a r r i e d by i t ' , i s c a l l e d , i i i ) I f 
the loose m a t e r i a l i s c a r r i e d along the s i d e s of the g l a c i e r 
i t i s a , 
5 The r i v e r s t a r t s as a g l a c i e r . 
6 Draw a c l e a r diagram to r e p r e s e n t the end of a g l a c i e r . 
L a b e l t e r m i n a l moraine,snout,moraine-dammed l a k e . 
7 Name a moraine-dammed l a k e . 
TEST3 
1 The main work of the i c e i n a h i g h l a n d a r e a i s -
2 Name a B r i t i s h h i g h l a n d which has been g l a c i a t e d , 
3 a) i)What i s an a r e t e ? i i ) Give one example, 
b) i ) D e s c r i b e a c o r r i e ,with the a i d of a diagram. 
i i ) Give one example. c;)T'7here,in a jg l a c i a t e d h i g h l a n d , a r e 
the a t e t e s and c o r r i e s ? 
4 Q)l'7hat i s the main v a l l e y ^ i n «. g l a c i a t e d h i g h l a n d area^ 
c a l l e d ? b ) D e s c r i b e i t w i t h the a i d of a diagram c ) L i s t any 
f e a t i i r e s i n it-,which are a r e s u l t of g l a c i a t i o n d)How does 
i t d i f f e r from a r i v e r v a l l e y ? 
5 a) D e s c r i b e a ribb o n l a k e b) Name one example. 
TEST k Use the O.S. map f o r t h i s s e c t i o n 
1 The two r e d l e t t e r s i n g r i d square 1519 on the nap a r e ^ 
2 Lake Buttermere i s due from Ennerdale Water. 
5 F i n d one example of each of the f o l l o w i n g g l a c i a l 
f e a t u r e s from the map:arete,Eorrie,U-shaped v a l l e y > r i b b o n 
l a k e . S t a t e c r l e a r l y which i s which. 
continued on the next page 
TEST 5 
1 The work of the i c e i n a lowland area i s mainly ^ 
2 . As a r e s u l t of the I c e Age,much of 
lowland B r i t a i n i s covered w i t h ' ' . 
3 E s k e r s a^re common i n . .They c o n s i s t of 
. and and were formed by 
.k D r ^ l i n s are h i l l s made of ^ , They 
can be found i n B r i t a i n i n , _^ . 
5 Large boulders,deposLted by the ice,many m i l e s from 
t h e i r p o i n t of o r i g i n , a r e c a l l e d ' , Give one 
example* 
H0¥ TO USE THE PROGRAI^a^IED SECTIONS OPr THIS :BO;OR ; ;.. 
Brame 1 F i r s t : cover a l l the frame.s on .this page, except 
t h i s oneoUce the c a r d provided i n t'he book,The frames 
should be coyei^ed w i t h p. -r, • • i , V/heil .you can 
complete this sentence move or\ to the next frame. 
ca r d 
Do not w r i t e on t h i s page but on the answer sheet 
p r o v i d e d , A l l answers must be v r r i t t e n on the 
answer sheet 
' - ' ' • • • 
You w i l l l e a r n more fxrom t h i s programme i f you always 
answer the question before moving oh to the next" frame, 
Always answer the question f , 
f i r s t . 
• • • • •).;• • , • • • ^ 
The next frame g i v e s the c o r r e c t answer*Check youf 
answer and mark i t w i t h a i / o r X . 
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S e c t i o n k G l a c i a l f e a t x i r e s on an O.S,map 
T e s t k 
S e c t i o n 3 G l a c i a l f e a t u r e s i n a lowlnhd area ^1 
T e s t 5 
PANELS, 
1.1 ' T i t a n i c ' D i s a s t e r 
1.2 Mor de Glace i n the Alps 
3.1 Maximum extent of i c e sheet i n B r i t a i n 
5.2 fflea T a r n i n the Lake D i s t r i c t 
3.3 F i e l d s k e t c h of B l e a T a r n a r e a , 
4,1 1" O.S, nap of Lake D i s t r i c t .Map e x t r j i c t No, 226/82 
5,1 Maximvun extent of I c e Sheets i n Northern Hemisphere 
3*2 P r e s e n t extent o f I c e Sheets i n Northern Hemisphere 
5,3 S t r a n g f o r d Loch;Co:Down,Northern I r e l a n d 
SECTION 1 I c e Sheets and G l a c i e r s 34 frames 
1 Snow tends to accumulate where the temperatxire i s 
•fp. f r e e z i n g p o i n t f o r long periods each y e a r . 
- • _ 
below 
There are l a r g e a r e a s i n the world,near the -
T 
7 
and - • • ,where the temperature i s 
always c o l d . 
North Pole;South Pole 
These a r e a s are permanently covered bv and 
A t h i c k l a y e r of i c e covering a l a r g e area of lowland 
i s B a i l e d an i c e she e t . 
^ . • C £^ -^ '^  - ''o.^ /''^ ]7^ '"7--^ '"" -^ \^  I n t h i s diagram A 
xs an 
i c e sheet 
Use yotir a t l a s , p a g e 2, to f i n d an i c e sheet 
a) near thd North Pole b) near the South Pole, 
iemember the i c e sheet i s on la n d . 
a) Greenland b)' A n t a r c t i c a 
The b i g g e s t i c e sheet i n the Northern Hemisphere 
i s i n . 
Greenland - . 
Mountain peaks which p r o j e c t above the i c e are c a l l e d 
. ../^V^i^ j • nunataks .What i s A i n 




I n t h i s diagram A i s an ^ y 
/A 
/ „A nunatak i s a l s o 
X " ' — ^ f ^ . — r — ^ ^ - - ' ; " ^ sho\m.Describe i t i n yovir ovm 
/ /^"T"-—I—'~, i i ' " — ~ ~-
I s . 
A i c e sheet 5 an area of rock p r o j e c t i n g above 
the i c e 
From the c e n t r a of Greenland the i c e moves s l o w l y 
outwards tot*rards the sea.The a c t i o n of the waves causes 
l a r g e b l o c k s of i c e to .. . 
These l a r g e block.3 of ico,which f l o a t avray,are c a l l e d 
.^ oThey are able to f l o a t because i c e i s 




i c e b e r g s ; l i g h t e r 
They are l i g h t e r because water_^ when i t f r e e z e s . 
Not- sure? Well, i f the water f r e e z e s i n your p i p e s at. 
home, i n w i n t e r , i t : w i l l a l s o cavising the p i p e s 
to bursto 
o2rr^ai7.ds 
I n fact,when v7;ater f r e e z e s i t i n c r e a s e s i n volvimne by 
about 1 0 % . I f t h i s i s so,how much of the i c e b e r g w i l l be 
v i s i b l e above sea l e v e l ? 
1/lOth or 10% 
Many l i n e r s and cargo s h i p s use the busy s h i p p i n g l a n e s 
between Europe and North AmericaoNear North America the r 
i s a danger to the s h i p s from i c e b e r g s .IThere a r e these 







Now t u r n to P a n e l 1,1 and read an account of the f a t e 
of a famous sh i p , a ) What was the ship c a l l e d ? b) v.Tien 
did the event take p l a c e ? c)T=Jhore d i d t h i s occur? 
a) T i t a n i c b) 1912 c) south of Newfoundland 
The i c e l e a v e s an i c e sheet as an __. _ ^ • 
i c e b e r g 
Because the temferat\ire decreases as you ascend/descend 
(choose one of these) a mountain,permanent snow w i l l be 
foxuid a t the of many mountains, 
ascend;top 
I f . t h e mountain i s enough permanent snow w i l l be 
p r e s e n t even near the equator. 
high 
The a r e a vrhere the snow accumulates at the top of the 
mountain i s c a l l e d the s n o w f i e l d . I n the photograph 
(P a n e l l.,2i),which was taken i n the Alps,the snow i s 
c o l l e c t i n g " i n "the laiPge a r e a marked S, S i s a ' 
19 
sno w f i e l d g 
The lower-edge of the snowfield ^ 
iis c a l l e d " tile snowline, 
T'Jhat a r e A and B? 
20 
A snowline ;E snowfield:. 
On the mountainside,there-is-always snow above 
the.. $ . ....... , • • • - • 
8 
21 snowline 
The t a b l e below shows the a c t u a l h e i g h t of the snowline 
on t h r e e moxintains: Alps 'iS^N 9,;000ft 
Himalayas 30 N l 6 , 0 0 0 f t 
M t.Kilimanjaro 3°S l 8 , 0 0 0 f t 
( i ) I s the snowline h i g h e r or lower on the mountainside a s 
the equator i s approached? ( i i ) A l l these moxintain r a n g e s ^ 




( i ) h i g h e r ( i i ) Bw**pa^/^{p 
Each new s n o w f a l l adds to the snow i n the motmtains. 
Some of the snow w i l l f a l l or avalanche down the s t 
s i .Much more w i l l s l o w l y change to i c e ^ 
, steep s l o p e s 
A l a r g e s n o w f a l l i s c a l l e d an • - . • ' 
avalanche 
The snow i s deepest i n hollows near the mountain peaks. 
These hollows are c a l l e d c o r r i e s . I n P a n e l 1,2 the l e t t e r 
C i n d i c a t e s a number of • • 
c o r r i e s 
The hollows i n which the snow c o l l e c t s - a r e c a l l e d 
.They can be f ovind near the • .„ 
c a r r i e s ;mo\int a i n peaks 
The snow,at f i r s t , h a s many a i r pockets between the 
snowflakes.Soon,however,the a i r i s f o r c e d out and the 
snow changes to . 
i c e 
I n the mountains the w^eight of snow causes the snowflakes 
to change to ice,The i c e fonris beca;use 6f the _________ 
of the snow above. 
9 
28 pressxire 
A l s o , d u r i n g a c l e a r , sunny day the temperattire r i s e s 
and the snow w i l l ^^^^ * At nig h t i t w i l l f r e e z e again. 
Continued thawing arid ^ causes the snowflakes to 
change to i e e , 
29 ' (rf^ ^^ tj^  thaw(melt) ; f r e e z i n g 
I n the sn o w f i e l d the snow w i l l change to i c e f o r two 
d i f f e r e n t reasons:They are i ) 
i i ) 
30 i ) p r e s s i i r e i i ) t h a w - f r e e z e a c t i o n 
The i c e flows s l o w l y down the s l o p e s , l i k e a ^ 
31 r i v e r 
A r i v e r of i c e i s c a l l e d l a g l a c i e f . I n the photograph 
(Panel 1,2) 6 shows a . 
32 
g l a c i e r r 
T h i s g l a c i e r i s flow i n g down the v a l l e y from the ^ 
snowfie l d 
From the sno w f i e l d the__ flows down towards the 
lowland, 
g l a c i e r 
The snow^which f a l l s - a l r o v e the snowline^ leaves the 
mountain suddenly as an _ much more slowly 
as a , . . 
' avalanchef g l a c i e r 
You have now completed S e c t i o n 1 
Answer the questions i n T e s t 1 on page (O , 
10 
TEST 1 Answers t o be v / r i t t e n on the back of yoxir 
Section 1 answer sheet 
1 ( i ) Describe an i c e s h e e t , ( i i ) Give one example, 
2 Mount'r.in peaks v i s i b l e above an i c e sheet are 
c a l l e d , 
3 I n the mpun<;ains,-the siiow acciimulates on the 
or i n sm a l l hollows c a l l e d • 
4 1«7hat i s the snow l i n e ? 
5 How does the snow change t o ice? 
6 XJh„t i s a r i v e r , of i c e c a l l e d ? 
7 Name- one mountain- range i n Evirope where siiow and i c e 
i s present a l l the year rotind , 
TEST; 2 Answers t o be w r i t t e n on the back of your 
Section 2 , ansvrer sheet. 
1 W i t h i n the g l a c i e r , t h e i c e does not move at the same 
r a t e , a) IThich moves the slowest? b) VThy i s t h i s ? 
2 a) TfJhat i s a crevdsse?b) Crevasses may form when the 
v a l l e y _ or wheii t h e r e ii3 a ' ' . '"" • ' 
c) :^'7hat i s a serac? 
5 i ) I'Jhat i s moraine? ii)V/here does th^-moraine come from?-' 
i i i ) I n Panel l i 2 what i^does 1 i n d i c a t e ? _ -
4 Name a r i v e r which s t a r t s as ai i g l a c i e r , 
5 Draw a l a b e l l e d diagram t o show how a moraine-dammed 
" lake i s formed* i 
6 Give one example o f a moraine-dammed l a k e , ' ^ 
11 
SECTION 2 Gl a c i e r s 3^ frames 
1 Snow acctimulates t o a great depth i n a 
'.. . snotff i e X d ( c o r r i e ) 
Snovr changes t o i c e because of the 
snow above• ' 
of the 
pressure 
A r i v e i r of i c e f l o w s down the mount a i n s ide. I t i s 
c a l l e d a ,. 
g l a c i e r 
The movement of the g l a c i e r can be measured by p l a e i n g 
a row of stakes across the ice,as i n diagram l.The 
second diagram shows the p o s i t i o n some days l a t e r . 
2, 
r 
a)Draw an arrow t o i n d i c a t e the movement of the i c e , 
b)!<Jhich p a r t of the i c e i s moving slowest? 
b) sides 
iot l/i> 
This i s a'section a c r o s s ' t h e ' g l a c i e r . W i l l the i c e 
a t B be moving quicker OB slower than a t A? 
slower 
Why does the i c e at the sides of the g l a c i e r move more 
slowly?Not svire?Then move your f i n g e r along the top o f 
the d e s k , f i r s t j u s t above i t , t h e n w i t h your f i n g e r 
p r e s s i n g on the desk,T'Thich movement i s the slowest? 
Why i s t h i s ? 
f r i c t i o n ; t h e s e c o n d ; f r i c t i o n ( d e s k h o l d i n g back 
movement) 
The i c e i s h e l d back a t , t h e sides o f the g l a c i e r because 
of the ^  between the i c e ,and the s o l i d rock o f the 
mountainside. 
T ~ f r i c t i o n 
The g l a c i e r " moves down the mountainside u n t i l the 
temperature i s warm enough t o melt the ice,17heh t h i s 
happens the, meltwater w i l l f l o w down the slopes as a 
r i v e r 
The end o f the g l a c i e r i s c a l l e d the snout.i)Draw an 
arrow t o i n d i c a t e the movement 
of t h i s g l a c i e r , i i ) A i s the 
end of the g l a c i e r or the ^  
i i i ) B i s the r e s u l t of a warmer 
temperature I i t i s a_ , • 
i ) ; i i ) s n o u t ; i i i ) r i v e r 
The r i v e r Rhine and r i v e r Rhone f l o w from the snowfields 
i n the Alps,Name a r i v e r which s t a r t s as a g l a c i e r . 
'•••it —. r r I ' • 
13 
11 Rhine or Rhone 
Like a r i v e r , t h e g l a c i e r moves down a v a l l e y . I f the 
v a l l e y becomes wider a t some p o i n t , t h e g l a c i e r moving dovm 
i t may cf'ack i n a ntmiber of places,Large cracks or gashes 
i n the- i c e are c a l l e d crevasses'.A i n t h i s diagram i s a 
12 
crevasse 
These crevasses formed 
when the v a l l e y 
widened 
Crevasses w i l l also-occtir i f the p r o f i l e of the v a l l e y 
(the slope of the v a l l e y f l o o r from the snowfield t o 
the snout) i s i r r e g u l a r a t any point.Copy t h i s diagram 
and mark w i t h an X the p o i n t 
where there i s a sharp change i n 
y — t h e slope of the Valley f l o o r , / 
- / 
The v a l l e y p r o f i l e now shows 
t h a t the. i c e has cracked at 
p o i n t Y;, l, T ^ a t i s the f e a t u r e 
a t Y 7 2,At which p o i n t i n the 
v a l l e y f l o o r have these cracks 
occured? 
13 / crevasse ;^sharp change of slope 
C^ cv/fi^ -iSi This i s an enlargement of p o i n t 
T- /•^ r , Y i n the l a s t frame,The l a r g e s F a e l : 
- '/ / . «r>> cracks i n the i c e i r e 
- . [/^  The p i n n a c l e s of i c e remainxng 




Crevasses w i l l form i ) i f the v a l l e y • .• • r - or 
i i ) i f there i s a - i n the 
v a l l e y f l o o r . 
widens;sharp change of slope 
I n Panel 1,2 p o i n t X i n d i c a t e s a number of 
which have been caused by 
•T5 • — ; 
crevasses;sharp change of slope i n v a l l e y 
I f the g l a c i e r moves over a very steep f a l l i n the 
v a l l e y f l o o r , t h e i c e breaks up i n t o a chaotic p a t t e r n 
o f cracks and p i n n a c l e s . T h i s i s c a l l e d an i c e f a l l . 
I n Panel 1,2 Y i n d i c a t e s ^ , I t i s the r e s u l t 
of \ , : ,/ 
T 5 — ' ' : — 
i c e f a l l f v e r y steep f a l l i n v a l l e y f l o o r . 
l^ny pieces of rock break o f f the movmtainfrntft peaks 
and f a l l onto the ice.The pieces become loose because 
of changes i n temperature,The pieces of rock,which f a l l 
onto the i c e , come from the t T h i s i s a 
r e s u l t of changes i n 
20 mountain peaks; t emp era tture 
During the day the.temperature i s warm and the rock 
e , at n i g h t i t i d very cole/ and the rock 
15 
expand; contrac.t. 
A l t e r n a t e expansion and contraction,day a f t e r day, 
causes the rock t o . 
-2T 
b r e a k ( c r a c k , s p l i n t e r ) 
The loose pieces of rock,which f a l l onto the ice,are 
c a l l e d moraine,In Panel 1,2 numbers.1 and 2 are both 
•2T 
moraine 
I f the moraine i s c a r r i e d on the sides of the g l a c i e r , 
i t i s a l a t e r a l moraine,On the photograph 1 i s a 
l a t e r a l moraine 
I f two moraines meet and join," two oJ^ the l a t e r a l moraines 
are c a r r i e d down the centre of the g l a c i e r as a medial 
i ^ Cy-, ^ moraine.In t h i s diagram A and C 
are at the sides of the g l a c i e r ; 
they are _ .3 i s 
i n the centre of the g l a c i e r and 
i s a' .'i' • 
25 l a t e r a l moraines;medial moraine 
I n Panel 1,2 number 2 i s a ' 
"2^ 
medial moraine 
The g l a c i e r c a r r i e s and- pushes the moraine,down the 
v a l l e y , t o i t ' s snout.l\Tien the i c e mel t s , the moraine 
isi or deposited,Here i t forms a t e r m i n a l 
moraine. 
d r o p p e d ( l e f t behind) ., 
This diagram shows a 
moraine. 
The moraine i s deposited, 
a the v a l l e y . 
"2F 
29 
t e r m i n a l ; a c r o s s 
The end of the g l a c i e r i s not always i n the same 
p o s i t i o n across the v a l l e y , I f the temperatxire becomes 
colder,over a long p e r i o d of time,the end of the 
g l a c i e r w i l l move . the v a l l e y * 
down'. 
moraine w i l l form^ across the val l e y ^ i n 
t h i s new p o s i t i o n . 
3 0 
t e r m i n a l -
I f now the temperattire becomes vrarmer, over a long 
p e r i o d of time,the i c e w i l l melt 
and the q^ut w i l l move the ^ 
v a l l e y , l e a v i n g the t e r m i n a l 
moraine behind,,T'7hat are A and B? g 
31 up;A iS»os|^,B t e r m i n a l moraine 
I c y c o l d wa^er w i l l ; f l o w from 
the end of the g l a c i e r . I n 
t h i s diagram A i s a . 
17 
r i v e r 
The o l d t e r m i n a l moraine lower down the v a l l e y may 







Copy t h i s d i a g r a m . F i l l i n a 
.l£ik.e..foxmed i n t h i s way,Label 
the lake a moraine-dammed l a k e . 
3 ^ 
y f.'.\7 
CJVf A t 
The biggest lake i n the Lake 
D i s t r i c t was formed i n t h i s 
way.^Hiat i s i t called? 
(Use yo\ir a t l a s page 24) . 
L.Windermere 
You have now f i n i s h e d Section 2 
Novr answer Test 2 on page l 8 . 
l 8 
Test 2 Answers t o be w r i t t e n on the back of your 
Section 2 answer sheet, 
T'Jithin the glacierr, the i c e does not move at the same 
r a t e , a) T'Jhich moves the slowest? b) VThy i s t h i s ? 
a) I'Jhat i s a crevasse? b.) Crevasses may form when the 
v a l l e y or when there i s a 
c) TsJhat i s a serac? ' 
3 i ) T'That i s moraine? ii)Where does the moraine come from? 
i i i ) I n Panel 1,2 what does 1 i n d i c a t e ? 
4 Name a r i v e r which s t a r t s as a g l a c i e r • 
5 Draw a l a b e l l e d diagram t o show how a moraine-dammed 
lake i s formed, 
6 Give one example of a moraine-dammed l a k e * 
SECTION 3 G l a c i a l Features i n a Mountainouig Area 
32 frames. 
^ Panel 3.1 shows t h a t B r i t a i n was covered by ice n o r t h 
of a. l i n e connecting, the towns of and . 
•2 •————^ — - . • ' 
B r i s t o l and London 
This means t h a t most of _ has been a f f e c t e d by 
the i c e , . ' 
5 •••• ^  " , . • ' 
B r i t a i n 
msing Panel 3,1,name a hig h l a n d afea i n Britain,where we 
can study the e f f e c t s of t l i e i c e . 
any one from Welsh Upland,Lake D i s t r i c t , ^ r a m p i a n s , 
N.T'J.Highlands 
I n the mountains the main work of the i c e was t o v^ear 
away or erode the s u r f ace .Mottntaina are " ' ' by the i c e 
eroded 
I n these areas snow accumulated i n h o l l o w s , c a l l e d 
high up on the mountain sides, ' 
c o r r i e a 
The snow changed t o and slowly the hollows, 




Change^, i n temperaturiqXfreeze-thaw process) caused 
pieces of rock t o f a l l from the backwa l l of the c o r r i e , 
4»c^ .-*>^ o\ aco^vc : This diagram shows t h a t the 
backwall became ( i ) smooth]jCrugged; 
( i i ) a n d the slope very steep/ 
steep /moderate/gentle(choose one 
of t h e s e ) • 
rugged;very steep 
These rock fragments were c a r r i e d i n the ice,They ' 
helped t o erode the bottom o f the 
c o r r i e .Here ( iO>' there i s a 
smooth/rugged s i i r f ace (choose one) , 
( i i ) t h e slope i s . 
i)smooth ( i i ) g e n t l e 
The f e a t u r e shown by t h i s diagram 
^ ,. .The slope of the 
backwal l i s ., - . ^ , and of 
the base i s , 
10 
c o r r i e ; v e r y steep;gentle 
The c o r r i e i s eroded by the ^ , I t forms, 
on the mountain s i d e . 
11 
i c e ; h i g h up 
When the i c e melts,a small lake 
or t a r n may remain i n the 
bottom of the c o r r i e . I n the diagx^ 
diagram A i s a , 
21 
12 t a r n 
A c o r r i e i s c i r c u l a r and arm-chair shaped,because i t 
has w a l l s and a base, 
"13 ' ' ~ 
very steep; f l a t 
Panel 3.2 i s a photograph taken i n the Lake D i s t r i c t , 
1 on the photograph i s a .Panel 3.3 i s a f i e l d 
sketch of the area.Use i t t o f i n d the a c t u a l name of 1, 
•ir"" :—' : '—•—' ' 
c o r r i e ; B l e a Tarn 
. ^ Jhen two c b r r i e i erode backwards i n t o the mountain a 
razor-edged r i d g e r e s u l t s , c a l l e d 
an arete.A i s an , I t i s 
covf.e.^ described as razor-edged because 
the slopes of the ridge are 
; . a r e t e ; v e r y steep 
A r e t e s , l i k e c o r i e s , a r e fotmd on the movintain side. 
h i g h up , 
On the photograph 2 i s an ,Panel 3*3 shows t h a t 
i t s name i s : .. . 
17 a r e t e j R i g g i n d a l e Crag 
The g l a c i e r y i n the main i r a l l e y , c o l l e c t s m a t e r i a l i n i t s 
sides and base,which converts i t i n t o a giant r a s p . I t 
moves s l o w l y , r u b b i n g against the sides of the v a l l e y . 
The main work Of the g l a c i e r i s t o wear away of 
the s u r f a c e , 
22 
l 8 " ~ et'ode""' - • -
A nrmal r i v e r v a l l e y i s V-Shaped i n cross-section,One 
through which a .glacier passed i s U-shaped,Diagt-ams 
1 and 2 are cross s e c t i o n s of two •vjalleys.VJhich one 
Ins. been g l a c i a t e d ? . 
T<i.Then-a g l a c i e r passes.down a v a l l e y , i t change a: the 
shape from V-shaped to • ~ ' 
U-shaped 
The sides of a U-shaped v a l l e y are v e r y 
v a l l e y bottom- i s w . and f . 
and the 
"ST 
steep;wide and f l a t 
T his i s a r i v e r v a l l e y , T oh the 
\ 
si^—rr-;?, diagram i,a,_a ' • • " v a l l e y . 
The higher areas extending i n t o 
the v a l l e y are c a l l e d spurs, 
T'That does S i n d i c a t e ? b e f o r e g l a c i a t i d n 
t r i b u t a r y ; spur, 
d u r i n g g l a c i a t i o r i 
During the Itfe Age,a, g l a c i e r 
moved along t h i s v a l l e y makiHg 
i t • er and i s c a l l e d 
a / v ^ v a l l e y . 
23 wider and deeper;U-shaped 
The g l a c i e r i s f a i r l y s o l i d - i t does not f l o w round the 
spvurs.They are removed or_^ _(truncated) , 
23 
"2T 
cut o f f 
I n the photograph,the v a l l e y marked 3 i s 
Panel 3,3 shows t h a t i t s name i s 
"ST 
U-shaped;Riggindale 
The g l a c i e r s i n the t r i b u t a r y v a l l e y s are b i g g e r / 
as b i g / smaller than i n the main v a l l e y . 
• smaller 
Because they are smaller,the v a l l e y s which they cut w i l l 
be bigger/smaller(choose one)than the man-main v a l l e y ; 
2B" 
smaller 
I-Jhen the i c e melts, the small 
t r i b u t a r y - v a l l e y s 'hang ' above 
the main valley.They are 
c a l l e d 'hanging v a l l e y s ' * 
!?hafc are A and B? 
• \ . • 
..-/< 
hanging valley;U-shaped(main) v a l l e y 
The t r i b u t a r y streams w i l l f r e q u e n t l y f a l l over the 
steep edge of the main v a l l e y , as a 
24 
29 w a t e r f a l l 
V 
Copy t h i s diagram and l a b e l 
a U-shaped v a l l e y , h a n g i n g 
v a l l e y j w a t e r f a l l , 'truncated 
( c u t o f f ) s p u r . 
I n many o f the U-shaped v a l l e y s l a r g e areas of water 
were l e f t behind, v/hen the i c e melt ed, forming 
31 
lakes ' ':.< 
The lakes are long and t h i n because they formed a t the 
bottopi o f the _______ valleys.They are c a l l e d 
r i b b o n or f i n g e r l a k e s . 
U-shaped . , 
The r i b b o n lake i n Panel 3.3 i s c a l l e d ' 
Haweswater 
You have now f i n i s h e d Section 3 
Answer the questions i n Test 3 oh page 25 
25 
Answers t o be ^ i r r i t t e n on the back of your 
' ^ ^ ^ i T ? Section 3 ansvrer sheet 
1 I n a h i g h l a n d area the main work of the i c e i s t o 
the surface. 
2 i s a g l a c i a t e d h i g h l a n d i n B r i t a i n . 
3 a ) ( i ) D e s c r i b e an arete ( i i ) g i v e one example. 
b) ( i ) D e s c r i b e , w i t h the a i d of a diagram,a c o r r i e 
( i i ) g i ve an example, 
c) I'/here i n a g l a c i a t e d h i g h l a n d area can a)and|J b) || 
be found? 
k Copy t h i s diagram c a r e f u l l y ^/ ^ \^ 
and,using arrows, l a b e l 4 ' \ \ ^ 
g l a c i a l f e a t u r e s on i t . 
5 Describe a U-shaped valley.How was i t formed? 
6 a)T'7hat i s a r i b b o n lake? b)Name one example. 
cr)VJhere,in a g l a c i a t e d h i g h l a n d , i s i t found. 
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SECTION k G l a c i a l Features on an O.S.map 25 frames 
Use the Ordnance, Siirvey map r(Panel 4 , l ) f o r t h i s s e c t i o n . 
The brown l i n e s i n g r i d square 1724 arie c a l l e d _________ 
lines.They are used t o show the_^ of land. 
contour;height 
Contours are drawn close together t o show a steep slope 
and f a r apai^-t vfhen the slope i s g e n t l e . I n square 0825 
the slope i s ; i n square 101:9 the slope i s 
gentle;steep -
I n square l622 there i s another symbol which i s also 
used t o show height.Describe the symbol. 
s h o r t ' b l a c k l i n e s ( y o u r own words) 
These sho r t b l a c k l i n e s are c a l l e d hachures,They are 
used t o show very steep/steep/gentle slopes.(Choose on^) . 
very steep 
TVhen. the slope i s so steep t h a t i t i s almost v e r t i c a l , 
' the symbol used- t o represent i t c a l l e d a 
hachiure 
This, map represents .a g l a c i a t e d h ighland a r e a . L i s t the 
7 r e l i e f , f e a t u r e s , r e s u l t i n g from g l a c i a t i o n , t h a t we would 
expect t o f i n d . j i n such an area. 
27, ... - ' V - : . • • ^ - • 
7 . aret;e,corrie|U-shciped'valley,hanging v a l l e y , 
w a t e r f a l l , r i b b o n ' laKe, t r i m c a t e d spxir . (Enter the 
number c o r r e c t . on ypur answer sheet) , 
F i r s t we w i l l look f o r an ferete^on the map.Will we f i n d 





: • -- .--mountain pisaks 
^'Jhat i s s p e c i a l about the ^slopes of an arete?On the 
map j the fc oft t o u r s showing t h i s sl<ipe w i l l be 
I f the. islbpe i s extremely steep _^  w i l l be used. 
v e r y steep; close: together;hachures 
Using the map area east of g r i d l i n e 13 and south of g r i d 
l i n e 171 f i n d 2 named examples of aft arete.Remember >^e 
are l o o k i n g f o r a f e a t u r e which i s i ) h i g h up on the 
mountain side i i ) has slopes which are so steep t h a t 
many of them w i l l be shown by hachures. 
Any 2 from:Ling Comb,The Saddle,Chapel Crags,High S t i l e , 
' High Crags. 
VThat i s the name given t o the arm-chair shaped h o l l o w s , 
..high up on the mountain sides? 
c o m e •••• 
How would;you describe the c o r r i e ^ iriT"terms of sides and 
' ' .,, •• Base? 
s t e e p ( r o u d d e d ) s i d e s , f i a t base 
Now draw a contotir map of a c o r r i e i n t h i s w a y . F i r s t drai^ 
a small t a r n w i t h a stream f l o w i n g out from i t . A r o u n d t h i s 
draw k contour l i n e s i n a p a t t e r n which shows the rounded 
arm-chair shape.Remember t h a t the sides of the c o r r i e are 
very steep and the base f l a t , L a b e l the lowest contour Xi 
1 , o o o f t . 
Ik 
"•--..AV-::^;.. : 28 
Now can you f i n d a named example of a) a c o r r i e w i t h a 
t a r n b) a c o r r i e i n the same map area.Remember we.are 
_ l o o k i n g f o r rounded,steep sided contour shapes,with the 
lowest land i n the c e n t r e . 
a)Bleaberry b ) L i n g Comb or Burtn6ss .Combe 




A r i b b o n lake i s and i n shape.I'Jhere i n a 
g l a c i a t e d h ighland area w i l l i t . b e found? 
long and narrow;in a U-shaped v a l l e y 
Find 2 examples of r i b b o n lakes anyv^here on t h i s map. 
any 2 from:Butt ermere,Crumraock Water, 
Ennerdale. ¥at er, Lowe swat er. 
The slope of the sides, of the U-shaped v a l l e y i s •' 
and the bottom of. the v a l l e y .is and _. 
i8 ••^^.^ \ 
very steep ;wide and f l a t - • , • •' • •. 
The sides w i l l be shown by contoiir l i n e s which are 
' close together/wide apart(choose one of these);the base 
' of the v a l l e y by contours t h a t are close together^/ 
wide apart(choose one of these).-
^ , .. _ - _ . . . ^—. 
close together;wide,apart 
On the O.S.map f i n d 2 examples of U-shaped v a l l e y s . 
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20 . J Crummock Water(Butterraere)valley, 
R.Liza (Ennerdale) v a l l e y . 
How many t r i b u t a r y streams f l o w i n t o the Buttermere-
Crummock Water v a l l e y from the west? 
21 
^ 
7 or 8 
We wish t o f i n d i f any or a l l of the&e t r i b u t a r y 
v a l l e y s are hanging v a l l e y s . T h i s i s a contour map of 
a r i v e r valley.The contours make a 
V-shape,with the apex(point) of the 
V p o i n t i n g towards the Highland/ 
l o w l a n d d o o k a t the contour l a b e l s 
before making a choice) .T'/here i s the 
r i v e r i n r e l a t i o n ' t o the V shape?The contours are evenly 
spaced because the slope of the v a l l e y i s even. 
22 highlaftd;along the ap ex 
A hanging v a l l e y does not have a graded(even) slope 
f o r i t s f u l l lengltilti.At the p o i n t v/here i t enters the 
main v a l l e y the slope i s steepsr/gentler(choose one) 
than near the so\irce (beginning) of the stream. 
23 steeper 
This^much steeper^slope i s shovm oft a contour map by 
the contours c u t t i n g s t r a i g h t 
across the r i v e r ^ a t the p o i n t 
where the v a l l e y i s hanging. 
This contour map shows a hanging 
v a l l e y , A t which p o i n t does t h i s 
t r i b u t a r y v a l l e y 'hang* over the 




Nov7 look at the 8 small streams e n t e r i n g the 
Buttermere-Crummock Water v a l l e y from the west. I f 
the contours cross the stream i n a s t r a i g h t l i n e , 
r a t h e r than making a V-shape,the v a l l e y i s a 'hanging* 
v a l l e y , G i v e 2 named examples of hanging v a l l e y s . 
2 from Scale Beck,Far Ruddy Beck,Sour M i l k G i l l 
Look c l o s e l y a t the map anfl f i n d a w a t e r f a l l along 
one of the streams e n t e r i n g the lakes from the west. 
Scale Force or along Sour M i l k G i l l 
This s e c t i o o i s now complete. 
Now answer Test 4 «H-p«ge-34 set out below. 
'^ ^^ '^  ^  You w i l l r e q u i r e the O.S .map (Panel 4,1) f o r t h i s 
t e s t , 
Use only the map area east!: of g r i d l i n e 10 and south 
of g r i d l i n e l 6 . 
Find evidence,on the map,which suggests t h a t t h i s area 
of the Lake D i s t r i c t has been gl a c i a t e d , b y g i v i n g one . 
named exaipple of each of the f o l l o w i n g f e a t t i r e s : a r e t e , 
corrie,U-shaped valley,hanging v a l l e y and ribbon l a k e . 
State c l e a r l y which i s which. 
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SECTION 5 G l a c i a l Features i n a Lowland Area ^„ ^ 
r-^  1 29 frames 
The map (Panel 5.1) shows the maximvun extent t o which 
the c o n t i n e n t s of ^ _______ ^^ '^  have been 
covered by i c e sheets. 
North America IEurope 
The map (Panel 5»2)shovrs the present p o s i t i o n of the ice 
she e t s , i n these two continents.They cover much more/ 
l e s s (choose one) of the land,than i n 5 « 1 . 
less 
I t f o l l o w s t h a t the c l i m a t e i s warmer/colder today, 
thaft f o r m e r l y . 
warmer 
There has been a succession of fovir very cold p e riods-
Ice-Age S'-'-in the l a s t 1" m i l l i o n years.The name given : 
t o these c o l d c l i m a t i c periods i s an _ 
Ice Age. . 
B r i t a i n was a t one time eoveredji by an ice sheet,north 
of a l i n e connecting the towns, of and'- . 
B r i s t o l and London ^ 
This means t h a t a l l the lowlands,north ;of t h i s l i n e , 




The i c e sheets c a r r i e d many rock p a r t i c l e s i n and on 
the ice.These rodk p a r t i c l e s ' a r e c a l l e d _^  • 
-moraine 
T'Then the i c e f i n a l l y m e l t e d ^ t h i s moraine was deposited. 
Thus the main v;ork of the i c e , i n a lowland area, i s t o 
the moraine. 
^deposit 
Much of the low^land i n 
g l a c i a l d e p o s i t s . 
i s covered w i t h these 
10 B r i t a i n 
I n some lowland areas, the., i c e . scraped away the s o i l , 
l e a v i n g hollows^ f i l l e d w i t h w a t e r . I n F i n l a n d and on the 
Canadian S h i e l d thousands of lakes were formed,in t h i s 
way .Deposition was *he-ef fee t , however , "the r e s w l t i n 
most areas. 
11. Towland ' ' 
Boulder c l a y , d r t i m l i n s , eskers and e r r a t i c s are the main 
landforms i n lowland areas.They aire a l l the r e s u l t of 
g l a c i a l _ . 
12 d e p o s i t i o n 
VThen the i c e melted the moraine was . I t o f t e n 
covered the h i l l s and v a l l e y s t o a considerable depth. 
I n East A n g l i a i t i s over 300ft t h i c k . 
33 
13 V deposited. • • ' ; ., 
These deposits are c a l l e d boulder clay.East Anglia i s 
covered w i t h a t h i c k l a y e r of ,which 
c o n s i s t s of c l a y with rock fragments. 
Ik 
boulder c l a y " " 
Boulder c l a y can be seen i n mahy p a r t s of B r i t a i n , 
where ftew roads are being b u i l t . i t i s made of 
15 
c l a y w i t h rock fragmeftts 
Boulder.clay i s o f t e n very f e r t i l e . l t makes good 
}iJ\V ^ \ ^  ]\aftd', as i n East Anglla^ and i n the p r a i r i e s 
of Canada.Boulder c l a y can be found i n B r i t a i n ' i n 
16 
farming(wheat,for crops);East Anglia 
1 7 
Lowland B r i t a i n , n o r t h of a l i n e from B r i s t o l t o London, 
i s covered w i t h a l a y e r of . 
boulder c l a y 
Drumlins are r e l a t i v e l y small mounds" of moraine,which 
formed beneath the moving ice.Drumiins are made of 
.They were deposited vrheft'the ice » 
moraifte;melted 







/ , ' • •" ,. ' «s >r a i <t J ' . . I 
Driunlins can be as h i g h as and as long as 
TiieyY are made of 
1 0 0 f t;Imile;moraine 
The s m a l l , rounded h i l l s and i s l a n d s , i n Panel 5 ..3» are 
. I n which p a r t of Northern I r e l a n d was t h i s 
photograph taken? - ' , 
'21 ' '. '. ' [ 
drumlins;Co:Down 
The i c e melted very s l o w l y a t the.'edge of the i c e sheet. 
The meltwater r e s o r t e d the moraine i n t o low r i d g e s of 
sand and gravel,These r i d g e s are c a l l e d eskers.Eskers 
are made of - ' "and • 
sand and g r a v e l 
The eskers were formed at 
by .. the . . 
the edge of the i c e sheet;meltwater 
Eskers are very u s e f u l near towns because and 
i s used i n the b u i l d i n g i n d u s t r y . 
sand and g r a v e l 
There are many eskers ,v7inding across a lake f i l l e d 
c o u n t r y s i d e , i n l a r g e areas of Sweden,Eskers can be 
found i n 
35 
25 Sweden 
I n d i v i d u a l , l a r g e boulders were c a r r i e d on the ice f o r 
many miles and were l e f t behind v^hen the ice melted. 
They are c a l l e d e r r a t i c s . A n e r r a t i c i s a 
26 
l a r g e boulder 
This e r r a t i c i s made of a rock 
L.'/s.Uv,^i!r KnoT-m .as_^  , I t i s 
I r j 
r e s t i n g on the 
S i l u r i a n Grit;Pennines 
Near Austwic k , i n the Pennines,the h i l l s i d e has many 
of these ' -: - • r e s t i n g on i t . 
28 ^ • — 
e r r a t i c s 
E r r a t i c s are common i n the d i s t r i c t i n the 
Pennines. 
Austwick 
E r r a t i c s were c a r r i e d t o t h e i r p r e s e n t ^ p o s i t i o n by 
the 
i c e 
You have now completed the l e a r n i n g programme. 







T.Tiat i s the Ice Age? 
Name the 2 c o n t i n e n t s most a f f e c t e d by the Ice Age. 
The work of the i c e i n a lowland i s mamnly 
X}i Copy the f o l l o w i n g c h a r t and i ) l i s t 4 g l a c i a l 
f e a t u r e s present i n lowland areas i i ) what i s each 
of these featxires made of? i i i ) where/;i^)</^ can one 
example of each be found? 




Appendix ( i x ) 
A n a l y s i s and Recording of Programme S t r u c t u r e 
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FIELD TEST 2 Post-Test Analysis (n 51) 
SECTIQg 1 
Question 






























snowfield i n Europe 96.08 








i d e n t i f y type 
example of r i v e r glacier 
l a b e l l e d diagram 






























( i ) 
4 ( i i ) 
' ( i i i ) 
Teaching Point ^ success 
erode 92.16 
glaciated highland 98.04 
iarete 66.67 
example 52.94 
(i±) c o r r i e 19.61 
diagram 15.69 
( i i ) sample 33.33 
found near mt. peaks 41.18 
diagram labels 67.84 
(description of U-shaped 50 , 
I Valley 
(formation of same 80.39 
ribbon lake 39.22 
example 64.71 
where i n the highland area 27.45 
ar^te 
c o r r i e 
U-shaped valley 







Ice Age 98.04 
deposition 74 .51 
g l a c i a l deposition features68 .14 
made of 51.96 
examples 50.98 
170. 
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29 ( i ) 13* 













































i n 34 frames 
SECTION 2 
Frame 
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47 responses i n 
32 frames 
KEY 
* Key frame 
more than 10?^  error 
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3 24 6 
4 2 -
5 4 -
6 ( 0 
7 8 -
jlO 2 
8 111 2 
(11 11 
9 (21* (27* 
5 
6 
10 18 3 


















19 (11* (61* 
3 
7 
20 22 1 
21 
( l l 
1 
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38 responses i n 
29 frames 
KEY 
* Key frames 
more than error 
40 responses i n 
25 frames 
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FIELD TEST 2 Retention Test Analysis (n 49) 
SECTION 1 
Question 









Teaching Point .^ success 





cor r i e 87.76 
snowline 71.43 
avalanche 87.76 
gl a c i e r 65.31 
snowfield i n Europe 81.63 





cause of crevassei 
^deepens 38.78 
cause of rock shattering 36.73 
moraine 71.43 
l a t e r a l moraine 36.73 
r i v e r g l a c i e r 46.94 
labelle d diagram 35.71 
ex. moraine dammed lake 57.14 
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Retention Test Analysis continued 
f (a) 
(b) 
f ( i ) 









Teaching Point ^ success 
erode 38.78 
glaciated highland 75.51 
arete 30.61 
example 12.24 
co r r i e 39.8 
diagram 12.24 
example 14.29 
near mt. peaks 61.22 
U-shaped vall e y 67.35 
description 35.71 
( diagram 21.43 
g l a c i a l features i n i t 46.26 
how d i f f e r s from r i v e r 30.61 
va l l e y 
ribbon lake 65.31 
example 73.47 
arSte 30.61 
cor r i e 22.45 
U-shaped valley 51.02 
•Commission due to typing 
error on question paper) 
ribbon lake 91.84 
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Teaching Point ^ success 
deposit 28.57 
boulder clay 34.69 
[example 30.61 
eskers isand & gravel 38.78 
presorting 2.04 
;small 67.35 
drumlins . moraine 53.06 
example 12.24 
e r r a t i c s 18.37 
example 12,24 
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FINAL VALIDATION TEST DATA 
Appendix ( x i ) 
(n 3^) 
Programme Achievement (Total 5 
Pupil AH. 4 
School Retention 
Geog.^ Pre-Test Post-Test Test 
1 107 64 10 53 43 
2 68 28 8 42.5 32.5 
3 87 73 9 44 41.5 
4 93 39 4 46.5 18.5 
5 71 66 3 40.5 17.5 
6 88 15 1 34.5 18.5 
7 103 86 7 53 42 
8 96 56 11 50 42.5 
9 92 14 6 34 18.5 
10 83 20 3 30 14 
11 87 17 2 43 31 
12 75 63 5 35 19.5, 
13 87 68 6 51.5 34.5 
14 77 8 3 37.5 29 
15 55 33 4 20 20 
16 106 87 6 52.5 43.5 
17 96 61 6 49 20 
18 90 61 8 44 30 
19 76 8 2 31 17.5 
20 89 34 6 39 21 
21 100 48 5 50.5 41.5 
22 81 73 11 49.5 39 
23 85 88 16 53.5 50 
24 100 88 10 46 36 
25 99 33 6 38 27.5 
26 90 44 5 35.5 25 
27 95 73 11 46.5 27 
28 102 43 10 46.5 36 
29 87 37 3 39.5 28 
30 70 42 7 40 23.5 
31 77 34 7 34.5 24 
32 92 - 5 39.5 24 
33 90 5 1 29.5 13 
34 J5 39 2 36 26 
£ 2969 1548 1415.5 975 
X 87.32 46.91 6.15 41.63 28.67 
range 55-107 5-88 1-16 
S.D. 11.71 25.04 
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FINAL VALIDATION - Pupil/Post-Test Score (n 34) 
Pupil 
SECTIONS. PROGRAMME 
TOTAL 1 . 2 3 4 5 
(10) > ^ ' ( 1 5 ) (15) (5) (10) (55) 
1 10 14 14 5 10 53 
2 10 14 6.5 2 10 42.5 
3 10 9 11.5 5 8.5 44 
4 9 14 12 2 9.5 46.5 
5 8 13 11.5 2 6 40.5 
6 9 10 8 3 4.5 34.5 
7 m 14 15 4 10 53 
8 8 13 14 5 10 50 
9 10 8 9.5 1 5.5 34 
10. 6 11 10.5 • 1 1.5 30 
11 9 15 11.5 1 6.5 43 
12 8 12 8.5 1 5.5 35 
13 10 14 13 5 9.5 51.5 
14 9 12 6.5 1 9 37.5 
15 8 1 3.5 3 4 .5 20 
16 10 15 13.5 4 10 52.5 
17 9 15 13.5 2 9.5 49 
18 8 12 11 4 9 44 
19 9 9 8.5 1 3.5 31 
20 9 13 8 3 6 39 
21 10 12 12.5 2 14 50.5 
22 10 15 11.5 5 8 49.5 
23 10 15 13.5 5 10 53.5 
24 10 15 14.5 2 6.5 46 
25 6 14 10 2 6 38 
26 8 13 5.5 2 7 35.5 
27 10 14 11 4 7.5 46.5 
28 9 15 10.5 4 8 46.5 
29 10 10 12.5 2 5 39.5 
30 8 12 10.5 2 7.5 40 
31 8 14 4.5 1 • 7 34.5 
32 9 11 12 2 5.5 39.5 
33 8 7 9 - 5.5 29.5 
34 10 8 8 3 7 36 
TOTAL 305 411 355.5 91 253 i 1415.5 
( ) s e c t i o n maximviio s c o r e 
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FINAL VALIDATION - Pup i l A e t e n t i o n Test Score (n 34) 
SECTIONS PROGRAMME 
Pupil 1 2 3 4 5 TOTAL 
(10)-^ (15) (15) (5) (IP) (55) 
1 9 12 12 5 5 43 
2 8 9 9 1 5.5 32.5 
3 7 14 11.5 5 4 41.5 
4 5 6 5.5 2 - 18.5 
5 5 3 6.5 1 2 17.5 
6 8 0 6.5 2 2 18.5 
7 8 14 10 5 5 42 
8 9 10 15 5 3.5 42.5 
9 3 4 8.5 2 1 18.5 
10 6 3 4 - 1 14 
11 8 14 6.5 - 2.5 31 
12 6 7 3.5 1 2 19.5 
13 8 9 10 5 2.5 34.5 
14 \ 7 10 6.5 1 4.5 29 
15 7 4 4.5 2 2.5 20 
16 9 15 11.5 3 5 43.5 
17 6 7 6 - 1 20 
18 8 5 11 4 2 30 
19 4 7 6.5 - - 17.5 
20 6 4 6 2 3 21 
21 10 13 8.5 3 7 41.5 
22 8 12 10 4 5 39 
23 9 15 13 5 8 50 
24 6 10 11.5 3 5.5 36 
25 3 10 9 2 3.5 27.5 
26 6 7 7 3 2 25 
27 7 8 7 2 3 27 
28 10 13 8 2 3 36 
29 4 10 8.5 2 3.5 28 
30 7 4 10.5 1 1 23.5 
31 7 12 2 1 2 24 
32 6 7 7 2 2 24 
33 3 7 3 - - 13 
34 6 7 10 1 2 26 
TOTAL 229 292 275.5 77 101.5 975 
( ) s e c t i o n maximum sco r e : 
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FINAL VALIDATION - Pupil/Frame Response Error Scores (n 34) 
Pupil SECTIONS Programme 
1 2 3 ' 4 5 Total 
1 4 3 2 6 - 15 
2 - - 2 8 2 12 
3 - - - 1 - 1 
4 1 - • 5 7 4 17 
5 1 4 3 3 1 12 
6 — • — 2 4 • - 6 
7 - 2 4 3 1 10 
8 - 2 5 3 2 12 
9 1 2 3 6 6 18 
10 1 4 1 - - 6 
11 — — 3 2 1 6 
12 2 8 5 6 4 25 
13 - 1 1 2 3 7 
14 - - 1 1 1 3 
15 3 9 16 11 12 51 
16 3 2 4 5 14 
17 3 5 4 8 1 21 
18 - - 1 - 2 3 
19 5 9 • 13 2 6 35 
20 - - 1 , 3 - 4 
21 - - 2 - - 2 
22 - - - - - -
23 - - - - 5 5 
24 3 3 2 7 1 16 
25 1 2 4 1 2 10 
26 2 6 6 - - 14 
27 - 2 4 15 4 25 
28 - - 3 - - 3 
29 1 3 5 - 2 11 
30 3 2 2 6 2 15 
31 - - - - - -
32 - . 3 2 6 - 11 
33 2 4 3 5 1 15 
34 2 5 5 13 4 29 
TOTAL 38 81 144 134 67 434 
FINAL VALIDATION - Frame Response Errors (n 34) 
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SECTION 1 SECTION 2 SECTION 3 SECTION 4 SECTION 5 










































































































































































































* key ^ frames 









































































































PIML VALIDATIOIT - Summary of Frame Response Errors (n 34) 
Key Frame Response Errors 
Section Total Poss. Key Responses 
Key Resp. 
Errors 
fo Key Resp. 
Errors 
1 374 11 2.94 
2 408 18 4.41 
3 714 41 5.74 
4 340 65 19.11 
5 374 18 4.81 
Total 2,210 153 6.92 
Total Frame Response Errors 
Section No. of Uo. of Total Poss. Response 'fo response frames responses responses errors errors 
1 28 39 1326 38 2.87 
2 32 47 1598 81 5.07 
3 30 53 1802 114 6.33 
4 21 ^ 29 986 134 13.59 
5 33 52 1768 67 3.79 
Total 144 220 7480 434 5.80 
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Appendix ( x i i ) 
TESTS USED IN THE COMPARATIVE EXPERXMENT (with mark schemes) 
PRE-TEST, POST-TEST and RETENTION TEST Time allowed 30 minutes 
1 a) Name- a moiintain range i n Europe which has permanent ^ 
ic e and snow, 
"b) The area on the mountains where the snow c o l l e c t s 
i s c a l l e d the 
c) I n spring there i s danger of the snow f a l l i n g 
from the mountainside as an . Usually, 
however, the snow changes to i c e and moves down 
the mountainside as a . 
2 a) Loose rock, which shatters from the mountain peaks 
onto the i c e , i s ca l l e d . This material 
helps the i c e to • • the va l l e y side. 
b) Name a r i v e r which s t a r t s as a g l a c i e r . 
c) Explain how a moraine-dammed lake i s formed. 
d) Give an example of such a lake. 
3 a) Describe a c o r r i e . 
b) Draw a lab e l l e d diagram which explains how i t 
was formed. 
c) A glaciated v a l l e y i s -shaped. Describe i t . Give 
one exsunple. Name 3 features which may be found 
i n i t . 
d) What i s a ribbon lake? Where i s i t found? Name one. 
4 a) Much of lowland B r i t a i n i s covered with a g l a c i a l 
deposit c a l l e d , 
b) ( i ) Name one feature r e s u l t i n g from g l a c i a l 
deposition. 
( i i ) Describe and i l l u s t r a t e i t , 
( i i i ) Explain how i t m s formed. 



















GLACIATION THEORY Time allowed 30 minutes 
Choose 2 landscape features which are the r e s u l t 
of g l a c i a l erosion and 1 feature r e s u l t i n g from 
g l a c i a l deposition. For EACH a) Name the feature 3(1+1) 
and locate a p a r t i c u l a r example b) With the aid of 3(1) 
diagrams, describe and give reasons for the 4+4+3 
c h a r a c t e r i s t i c s of the features you have named. 
TOTAL 20 
MAP INTERPRETATION Time allowed 15 minutes 
(O.S. map - south west corner of part of Snowdon 
1 inch sheet.) 
Find evidence from the O.S. map to support the 
statement that 'this area of Snowdonia has been 
glaciated'. 
(1 mark for each of 5 g l a c i a l features i l l u s t r a t e d ) 
TOTAI ^ 
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Appendix C x i i i ) 
C r i t e r i o n Test Results used i n the Comparative Experiment 
GROUP I 
Pupil AH4 AGE i n Pre-Test Post-Test Retention Gr • C • 
(Raw March 1970 (maximum (maximum (maximum scores) yrs/months score) score) score) Theory O.S. 
30 30 30 20 5 
1 87 13-8 mnths 2 11 9 10 0 2 94 13-9 2 - 23 18 15 0 
3 88 14-0 2 14 10 16 4 
4 106 14-5 8 30 29 19 4 
5 68 14-4 3 10 10 6 0 6 80 13-8 2 13 10 3 1 
7 93 14-0 4 15 16 13 1 8 92 13-10 3 23 16 11 0 
9 65 13-10 1 9 8 7 0 10 73 14-1 3 19 12 9 0 11 86 14-6 2 18 16 6 2 
12 74 14-2 4 25 21 - -
13 99 14-6 3 26 19 18 ' 1 
14 80* 14-4 3 12 15 12 1 
15 95 14-1 1 16 12 17 1 16 84 14-6 2 27 27 20 3 
17 98 14-1 4 26 26 19 5 18 94 14-5 4 29 25 20 4 
19 87 13-10 2 14 13 14 2 20 69 13-9 0 12 7 4 2 21 69 13-9 1 12 11 13 — 22 76 14-4 4 25 17 18 1 
23 85 13-7 5 20 - 6 1 
24 73 14-4 3 15 15 13 0 
25 77 14-4 5 14 10 9 1 26 85 13-8 2 8 7 2 0 
2177 365-9 75 300 34 
n 26 26 26 26 25 25 24 
X 83.73 2.88 12 1-42 
S.B. 10.8E 1.63 
* pupil 14 was absent for the AH^ te s t and has been given 
the mean score for the experimental population. 
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C r i t e r i o n Test Results GROUP I I 
Pupil AH, AGE i n Pre-Test Post-Test Retention G. C. E. 
, + (maximum (maximum (Raw y 111 r-l. 1, I I I ! J I I I scores) yrs/months score) score) score) Theory O.S. 
30 30 30 20 5 
1 97 14-4 16 29. 28 20 5 2 61 14-1 1 27 20 9 2 
3 86 13-7 5 17 15 11 1 
4 99 14-3 15 28 28 20 4 
5 94 14-1 3 26 23 16 4 6 77 14-5 3 22 23 17 3 
7 47 13-7 3 9 7 5 2 8 71 13-9 2 4 - 10 0 
9 87 14-3 3 30 23 16 4 10 51 13-8 4 21 19 - 0 11 85 14-5 2 20 21 11 2 12 76 14-4 4 21 14 16 1 
13 89 14-3 1 15 - 11 2 
14 84 13-9 4 27 20 20 3 
15 70 14-0 3 20 - 10 2 16 70 14-4 2 7 7 9 0 
17 79 14-1 4 26 23 19 4 18 73 14-0 1 19 13 14 0 
19 88 13-8 5 28 27 15 3 20 65 14-2 3 15 12 9 0 21 63 13-7 2 28 23 13 5 22 111 14-5 1 17 20 16 3 
23 63 14-0 1 23 22 16 3 
24 76 14-5 .:2 16 13 15 1 
25 80 14-0 3 20 17 16 5 26 74 13-10 2 19 19 14 2 
2016 365-3 95 348 61 
n 26 26 26 26 23 25 26 
X 77.5^ 3.65 13.92 2.3S 
S.D. 14.72 3.69 
185 
C r i t e r i o n Test Results GROUP I I I 
Pupil AH4 AGE i n Pre-Test Post-Test Retention G.C.E. 
March 1970 (Maximum (maximum (maximum yrs/months score) score) score) Theory O.S. 
30 30 30 20 5 
1 78 13-7 3 16 16 15 4 
2 67 14-0 2 20 14 15 3 
3 91 14-2 2 29 24 - — 
4 63 13-9 5 23 17 10 0 
5 95 14-3 3 17 15 20 4 6 91 14-3 2 15 7 18 3 
7 91 14-1 12 28 - 16 3 8 84 13-11 0 21 14 19 3 
9 68 13-10 3 20 11 14 1 10 80 14-6 2 19 18 — — 
11 91 13-11 1 11 7 15 4 12 60 14-6 3 21 14 13 1 
13 87 13-7 4 25 18 13 3 
14 81 13-7 4 18 15 19 2 
15 80 14-3 4 17 13 14 2 16 72 14-2 3 17 16 12 2 
17 98 14-5 2 13 12 19 2 18 59 14-4 2 7 5 9 0 
19 91 14-4 1 21 18 19 1 20 72 14-6 2 14 6 9 0 
21 79 14-0 3 23 20 20 3 22 78 14-1 3 26 21 19 3 
23 93 13-8 2 19 12 9 4 
24 105 13-7 4 26 27 — — 
25 66 13-8 2 13 6 — — 26 57 14-3 2 13 11 5 1 
( 2077 365-2 76 322 49 
n 26 26 26 26 25 22 22 
X 79.88 2.92 14.64 2.23 
S.D. 13.14 2.15 
TOTAL SCORES FOR ALL GROUPS 
6270 1096-4 246 970 144 
n 78 78 78 72 72 
X 80.38 14-1 3.15 13.47 2 
S.D. 13.10 3.06 
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Post-Test and Retention Test Gain Scores for the 3 Teaching Groups 
POST-TEST GAIN SCORES RETENTION TEST GAIN SCORES 
Group 1 ) Group 2 Group 3 Group 1 Group 2 Group 3 
9 13 13 7 12 13 21 26 18 16 19 12 
12 12 27 8 10 22 22 13 18 21 13 12 
7 23 14 7 20 12 11 19 13 8 20 5 11 6 16 12 4 14 
20 2 21 13 20 8 8 27 17 7 15 16 
16 17 17 9 19 6 16 18 10 14 10 11 
21 17 18 17 16 14 
23 14 21 16 5 11 
9 23 14 12 19 9 
15 17 13 11 12 13 
25 5 14 25 22 10 22 22 11 • 22 9 3 
25 18 5 21 21 17 12 23 20 11 19 4 12 12 12 7 21 17 
11 26 20 10 11 18 
21 16 23 13 14 10 
15 22 17 12 17 23 12 14 22 5 4 
9 17 11 5 9 
6 17 11 309 348 293 
^ 391 439 416 n 25 23 25 n 26 26 26 X 12.36 15. 13 11.72 
X 15.04 16.88 16 S. D. 5. 54 5. 27 5.28 
S.D. 5.94 6.38 4.86 
Total Scores for the 3 Teaching Groups 











DEPARTMENT OF EDUCATION-DURHAM UNIVERSITY 
T h i s i s a l e a r n i n g programme,which w i l l teach you aboiit 
g l a c i a t i o n . T h e programme i s di v i d e d i n t o f i v e s e c t i o n s . E a c h 
s e c t i o n , vxhich is- followed by a short t e s t , w i l l take you one 
l e s s o n to complete, 
The s e c t i o n s are sub-divided i n t o small p a r t s c a l l e d 
frames oYou are asked to read the f i r s t frame and answer jthe " " 
que s t i o n s e t i n i t ,^?jd|ite; yovir; answer on the answer sheetj provided 
before raoving on to next f rame ,The next frame give s you the 
c o r r e c t ansv^er and a 
F^rom time to! 
photographs etc,,whic 
c a l l e d P a n e l s . 
new p i e c e . o f information. ] i 
time the frames r e f e r you to maps, 
\i are separate from t h i s booklet .They are 
HO^ T TO USE THE PRGGIjA^JI^13D SECTICNS GF THIS BOCK 
Frame 1 F i r s t cover a l l the frames on t h i s page except t h i s 
one.Use the c a r d l p r o v i d e d i n the book.The frames should 
be covered with i .T.Tien you can complete t h i s 
sentence move on ito the next frame. 
• l . 
Frame 2 ca r d • • 
The c o r r e c t answer to the question s e t i s alv/ays -given. at 
the top of the next frame.Th« c o r r e c t answer to frame 1 
was . .... -r : 
Frame 3 
ca r d 
Do not w r i t e on t h i s page but on the aiiser sheet provided, 
A l l answers must be w r i t t e n on the . , 
Frame k '" ' ' ' ' ' " '• '• 
ansyrer sheet 
You x r i l l l e a r n more ifrom t h i s programme i f you always 
answer the question before moving on to the next frame. 
Always answer the question f . 
I 
'Frame 5 f i r s t 
The next frame give s the c o r r e c t ans^rer.Check your ansxrer 
and niflrr: i t w i t h a >/ or X .There i s a copy of an ansxrer 
sheet below which has the ansvrers entered*Sone of thejje 
have "been marked.Mark the answer to frame ^ i . 
L^ 'rame answer /or V 
1 ca»d" 
card \ answer sheet I 
4 f i r s t 
• ^ 1 
, GL ClATICN P::::-T.:ST 
Answer a l l q u e s t i o n s . 
A l l answers to be w r i t t e n on the answer 
T::ST 1 i 
sheet provided. 
( i ) k t h i c k l a y e r of i c e and snoir whiJch c o v e r s a l a r g e 
lowland a r e a i s an • • ' 
( i i ) One of these can be foimd i n 
vTi;t i s a nunatak? 
( i ) Tvhat i s an iceberg"? \ 
( i i ) TJIiy i s i t impossible f o r s h i p s ^ t o see riost of i t ? 
I 
I 
h. I n c o l d nountr.inous a r e a s permanent snow c o l l e c t s i n l a r g e 
a r e a s c a l l e d • and much s m a l l e r d e p r e s s i o n s ( h o l l o w s ) 
c a l l e d _ • 
5 Name a raoimtain range which has permanent snow, 
6 The snow may f a l l q u i c k l y from the mountainside as an 
or much more s l o w l y , i n the form of i c e , as a • 
•SECTIOI^T 1 • I c e Sheets and G l a c i e r s 
1 Snow tends to accumulate where the temperatxire i s above/below 
f r e e z i n g p o i n t f o r long p e r i o d s of the y e a r . 
belovj-
There are l a r g e a r e a ^ of the world,near the N P 
and the . ' | ^where the i)eraperature i s always c o l d . 
T 
"MoSrth Pole, South Pole 
These ar e a s are perlianently covered by md 
snow;xce 
k t h i c k l a y e r of i c e covering a l a r g e lowland area i s c a l l e d 
an i c e sheet , 
1 A 
I n t h i s diagram 
A i s an 
An i c e sheet i s a 
l a r g e a r e a . 
i c e sheet 
l a y e r of i c e which covers a 
th i c k , l o w l a n d 
Use your a t l a s , p a g e 2,to f i n d an i c e sheet a) near the North 
P o l e , b) near the South P o l e , Remember the i c e sheet i s on 
l a n d . 
7 a) Greenland b) A n t a r c t i c a 
The b i g g e s t i c e sheet i n the Northern Hemisphere i s i n 
8 
Greenland 
Mountain peaks which p r o j e c t above the i c e are c a l l e d nunataks. 
IThat i s A i n the 
diagram? ' I f , ,11 I / ^ - ^ ^ ^ l i ^ d ^ i l l ^ 
a nunatak 
I n t h i s diagram A i s ah 
.A nunatak i s a l s o 




p r c ^ j e c t i n g above the i c e . A i c e sheet;an a r e a of r o c k the 
From the c e n t r e of^Greenland i c e sheet,the i c e move 
s l o w l y towards the sea.Along the c<past the a c t i o n of the 
waves causes l a r g e b l o c k s of i c e ti and f l o a t away. 
i T 
break o f f 
These l a r g e b l o c k s of i c e are c a l l e d 
12 
i c e b e r g s 
I c e b e r g s are ab l e to f l o a t because i c e i s l i g h t e r than water, 
X'Jhen water, f r e e z e s i t i n c r e a s e s i t s volumne by about 10%. 
) ' / ^ The diagram dhovrs an i c e b e r g 
• ^ ^ ^ ^ — , l e t f l " ^ the sea.HbW much of i t can 
bo seen by the approaching 
y^o^^ s h i p ? 
13 1/lOth or 10% i 
A Many l i n e r s and cargo s h i p s use the busy shipping lanes 
between Europe and North America.Near North America tlj«re i s 
' a "danger tt) 'those ships-from- icebergs .TfJhere are these icebergs 
f l o a t i n g from?(Use your a t l a s page 2 i f n e c e s s a r y ) . 
Greenland . 
Read "the a c c o t m t i i ^ P W the f a t e of a famous s h i p , 
and then complete the I fo^-lov/ing sentence: I'Thile the . 
-was o n - i t ? maiden voyage to North America, i t s t r u c k an 
and of ,and sank. 
15 T i t a n i c ; i c e b e r g ; Newfoundland . .. .,. . 
Because the teraperaturte decreases as you ascend(go up) a 
mountain,permanent. snoW w i l l be found a t the' . of many 
mountains, .• • •• • V- ' 
16 
top 
I f the ipountain i s enough permanent snow w i l l , be 
pres e n t , e v e n near the Equator, 
17 high y ; 
The a r e a where the snow accumulates, 
a t the top of the mount a i n j i s 
c a l l e d the s n o w f i e l d . I n t h i s 
diagram A i s a ' ' • . , 
SK«9U> 
snovrfield 
Now look a t the photograph(Panel 1.1),On i t the larg e areas 
where the snow^ i s c o l l e c t i n g , a r e l a b e l l e d S.The area marked 
S i s a a 
19 s n o w f i e l d 
T h i s photograph was taken i n the mountain r a n g e . c a l l e d the 
Alps.There i s a s n o w f i e l d i n the •/ 
Alps 
The lower edge of the s n o w f i e l d i s 
c a l l e d the shovrlino.I'Thich l e t t e r on 
the diagram i n d i c a t e s the snowline? 
21 
B 
On the moijntainside there i s always i snow above the 
22 snowline r 
The snow i s deepest i n the hollows near the moxxn-tain peaks. 
These hollows a r e a c a l l e d c o r r i e s . I i ^ P a n e l 1,2 the l e t t e r C 
i n d i c a t e s a ntimber of • I 
23 
c o r r x e s 
The h o l l o w s , i n which the snow c o l l e c t s , a r e c a l l e d 
They can bo found near the __• 
2? corr i e s | m o t i n t a i n peaks 
Each new snow shower adds t o the snow l y i n g on the mountain 
s l o p e s ..If too much snow p i l e s up on a steep slope i t i j - i l l 
b e g i n to s l i d e or avalanche dovrti the mount a i n s i d e . An . 
i s most l i k e l y to occur where the s l o p e s a r e •> 
25 .avalanche;steep 
The snow,at f i r s t j h a s .many a i r pockets between the isnowflakeo. 
Soon, however, the a i r i s f o r c e d out and th<5 snow changes 
to o . ' A-
2 X -
• I c e 
T h i s i c e flows down the mountain slopes,but i t flovrs much more 
s l o w l y than r a i n w a t e * i n the streams, of warmer a r e a s . I c e , 
l i k e vrater, - - ddivm the: mountain s i d e . 
27 
flows 
The w i t e r f loyrs as a i^Lver,the i c e .aS;:. a^Aglac 
:Of' -icG- Ihbe'll'e d '6' Sri t :ie photograph (Panel 1,2) i s a 
28 
g l a c i e r -
Now,using Pa n e l 1,2,wel v j ^ i l l see what we have l e a r n t about the 
photqgraph. so. f a r , I n t ^ i s mountainous area snow i s c o l l e c t i n g 
ini the l a r g e a r e a S, a A,and i n the sma l l e r a r e a s C, 
which are 
s l o p e as ' an 
doTm a v a l l e y as a 
o .The snow may f a l l down a very steep 
but,more usually,changes to i c e arid flows 
, ,as?f a t G. 
snowf i e l d ; c o r r i e s ; avalanche ;.glacieri 
You have now completed s e c t i o n 1. 
Answer the que s t i o n s i n T e s t 1 on page 8, 
TEST 1 
Answer a l l questions.Answers to be w r i t t e n on the back of your 
S e c t i o n 1 answer s h e e t , 
l ( i ) A t h i c k l a y e r of i c e and snow which c o v e r s a l a r g e 
lowland a r e a i s an __ • 
( i i ) One of these can be found i n __________ • 
2 T'That i s a nunatak? 
3 ( i ) T'/hat i s an i c e b e r g ? 
( i i ) I'Ttiy i s i t i m p o s s i b l e f o r s h i p s to 
k I n c o l d mountainous a r e a s permanent jsnow c o l l e c t s i n l a r g e 
a r e a s c a l l e d ___________ and much sraa 
c a l l e d • 
see most of i t ? 
l l e r d e p r e s s i o n s ( h o l l o w s ) 
5 Name a mountain range which has percanent snow. 
^ 6 The snow may f a l l q u i c k l y from the ou n t a i n . s i d e as an 
or move much more s l o w l y , i n the forifi of i c e , a s a 
I f time pdrtnits,answer t h i s problem i n your rough books. 
The t a b l e shows'the a c t u a l height, of the snowline on 
throe mountains: • ^ 
Aips 46"N 9,000ft 
, Himalayas 30°N. v l 6,000ft 
Mt,Kilimanjaro 3°N l 8 , 0 0 0 f t 
a) I s thie snowline h i g h e r or lower on the mountain s i d e as 
the equator i s approached? 
b) A l l these mountain ranges have a permanent snovrfiold, 
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S:i:GTICN 5 G l a c i a l F e a t t i r e s , i n a Lowland A r e a 35 frames 
^ 1 The me.p ( P a n e l 5 i 1) "shbvrs t h e maximim e x t e n t t o fj-hich t h e 
c o n t i n e n t s of and have been c o v e r e d 
/ by •ic e 'she e t s . 
• North. A m e r i c a ; Etirope 
P a n e l 5.2 shows t h e p r e s e n t p o s i t i o n of t h e i c e s h e e t s . T h e y 
now c o v e r inuch Bore/l<?ss. (c ho os e one)' of the l a n d t h a n 
i n P a n e l 5.1. 
> 
s s 
I t f o l l o w s t h a t t h e c l i m a t e i s w a r a e r / c o l d e r (choose one) 
t o d a y t h a n f o r n e r l y . 
warmer 
T h e r e have b e e n foxir v e r y c o l d p e r i o d s , c a l l e d I c e Ages, i n the 
l a s t 1 raillion y e a r s . T h e name g i v e n t o one of t h e s e c o l d 
c l i m a t i c p e r i o d s i s an . 
5 
I c e Ag©- • • 
P a n e l . 5.1 shows t h a t , d i i r i n g t h e I c e Age,much of both North .. 
A m e r i c a and E u r o p e were c o v e r e d T/it.h a m a s s i v e 
i c e s h e e t 
At t h i s t i m e , t h e i c e s h e e t c o v e r e d B r i t a i n n o r t h of a l i n e . 
c o n n e c t i n g t h e to^ms of B r i s t o l and L o n d o n . A l l the l o w l a n d s 
i n B r i t a i n , n o r t h of t h i s l i n e , h a v e been a f f e c t e d by the 
ice 
The i c e s h e e t c a r r i e d l o o s e p i e c e s of r e e k i n c,nd on t h e i c e . 
T h i s l o o s e m a t e r i a l i s c a l l e d , 
m o r a i n e 
IJhen t h e i c e m e l t e d , t h i s m o r a i n e was d e p o s i t e d , I n f a c t ' t h e 
main work of t h e i c e , i n a l o w l a n d a r e a , i s .to- t h i s 
m a t e r i a l , 
" d e p o s i t 
T h u s , when-the i c e m e l t e d , much of,, l o w l a n d . B r i t ^ i i n was c o v e r e d •; 




...deposits or cnoraine , ' 
A l t h o u g h i n some l o w l a n d a r e a s t h e . ijce "eroded t h e s u r f a c e , 
l e a v i n g b e h i n d a l a k e s t r e a m c o u r i t r y s i d e , a s i n F i n l a n d and 
t h e C a n a d i a n S h i e l d , *» most ^ a r e a s show t h e e f f e c t s 
o f g l a c i a l d e p o s i t i o n , . .• 
l o w l a n d 
'lie a r e now g o i n g t o l e a r n about t h e l a n d f p r n i s w h i c h were 
c a u s e d by g l a c i a l d e p o s i t i o n , B o u l d e r c l a y , d r u m l i n s , e r r a t i c s 
and e s k e r s w ere formed i n t h i s .w.ay,fi6w many f e a t u r e s c^re . 
l i s t e d h e r e f o r us t o . s t u d y ? 
The i c e s h e e t s were o f t e n h t m d r e d s , sometinies t h o u s a n d s of f e e t 
t h i c k , T h e y c a r r i e d v a s t a c c u m u l a t i o n s of c l a y w i t h rock-gi»e-g»HeHts 
f r a g m e n t s ,.I'7h??n t h e i c e m e l t e d , t h i s m a t e r i a l , w h i c h i s c a l l e d 
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•^ 5 c l a y vj-ith r o c k f r a g n e n t s 
The b o u l d e r c l a y c o v e r e d h i l l s and f i l l e d v a l l e y s , I n E a s t 
A n g l i a i t i s o v e r 3OO f e e t t h i c k , B o u l d e r c l a y i s over 300ft 




E a s t A n g l i a • 
B o u l d e r c l a y o f t e n makes a f e r t i l e s o i l . E a s t A n g l i a i s an 
i m p o r t a n t f a r m i n g a r e a b e c a u s e t h e s o i l i s . 
15 
f e r t i l e 
So much of l o w l a n d B r i t a i n , i s c o v e r e d with a l a y e r of 
w h i c h was d e p o s i t e d when t h e i c e E 3 e l t e d , T h i i 
r o c k i s raade of w i t h 
" .. . b o u l d e r c l a y ; c l a y w i t h r o c k f r a g m e n t s 
I n some a r e a s s i r a l l moimds of moraine formed beneath, the 
moving- ice.cVThen t h e i c e m e l t e d t h e y were, l e f t b e h i n d or 
d e p o s i t e d 
^ T h e s e s m a l l mounds of moraine a r e c a l l e d d r u m l i n s , D r u m l i n s 
a r e made of . 
moraine 
T h i s i s a s e c t i o n of a d r u m l i n . T h e d i a g r a m shows t h a t a 
d r u m l i n c a n be a s h i g h as and as l o n g a s 
^ up HJ I hri < t e. 
32 
19 l O O f t ; ! m i l e 







s m a l l 5 moraine 
The s m a l l rouhdec; h i l l s a n d i s l a n d s i n P a n e l .5,3 sire 
I n w h i c h p a r t of N o r t h e r n - I r e l a n d was t h e p h o t o g r a p h t a k e n ? 
d r x i n l i n s ; CO:DOV.TI 
B o u l d e r c l a y i s p r e s e n t , i n _ a n d d r u m l i n s c a n be 
f o u n d i n , H o r t h e r n I r e l a n d , 
E a s t A n g l i a ; Co:Dox-m 
I n d i v i d u a l l a r g e b o u l d e r s were c a r r i e d on t h e i c e f o r .m.any 
m i l e s and were l e f t b e h i n d when t h e i c e m.elted,They a r e c a l l e d 
e r r e . t i c s , A n e r r a t i c i s a . , 
l a r g e b o u l d e r 
^ Y H x h o '-^ T h i s e r r a t i c i s r e s t i n g oh t h e 
i^enninos:: 
The e r r a t i c i n t h e diagram...in t h e l a s t frame i s one o f m.any 
r e s t i n g on t h e h i l l s i d e , n e a r A u s t w i c k , i n t h e P e n n i n e s , E r r a t i c s 
.are comnaon i n t h e d i s t r i c t o f • the, P e n n i n e s , 
. A u s t v r i c k 
The l a r g e b o u l d e r Vsliov/m i n frame 23, was ' l e f t b e h i n d by t h e 
^ 
33 
26 e r r a t i c 
As t h e i c e s h e e t m e l t e d , r i v e r s of n o l t w a t e r flovJ-ed o u t - f r o n 
u n d e r t h e edg.e. of t he i c e sheet;„These r i v e r s r e s o r t e d t h e moraine 
b e f o r e d e p c s i t ^ i n g i t i n t h e f o r n of low r i d g e s o f ' s a n d and 
g r a v e l y c a l l e d e s k e r s . T h e low r i d g e s a r e r.iade of and 
_^ . T h i s m a t e r i a l was r e a r r a n g e d by t h e . •. 
27 
sand and g r a v e l ; raeltwater ( r i v e r s ) 
T h e s e low r i d g e s ^ i r e c a l l e d . , 
28 
e s K e r s 
Eslr:ers.- a r e w h i c h vjere d e p o s i t e d by the 
29 ; . 
lovr r i d g e s ; m e l t w a t e r or. r i v e r s . 
E s k e r s a.re v e r y u s e f u l i n p o p u l a t e d a r e a s b e c a u s e and 
i s u s e d t B make cement, 
30 ^ ^ 
sand and g r a v e l 
T h e r e a r e many e s k e r s , w i n d i n g a c r o s s a l a k e f i l l e d c o u n t r y s i d e , 
i n S w e d e n , E s k e r s a r e w i d e s p r e a d i n . 
• Sweden 
' Name the 4 g l a c i a l f e a t u r e s , w e have s t u d i e d , w h i c h can be 
fo\ind i n l o w l a n d a r e a s . 
32 
b o u l d e r c l a y ; d r u m l i n s ; e r r a t i c s ; e s k e r s ( i n any o r d e r ) 
B o u l d e r c l a y i s made of . w i t h ; i t c a n 
be f oimd i n , D r u m l i n s a r e h i l l s made of 
;th e y c a n be s e e n i n . 
33 c l a y w i t h r o c k f r a g m e n t s ; E a s t A n g l i a ; s m a l l ; moraine ; Co : DovTn 
An e r r a t i c i s a and an e s k e r a 
made of and , E r r a t i c s a r e p r e s e n t n e a r • 
i n t h e and e s k e r s i n 
l a r g e b o u l d e r ^ ; low r i d g e ; s a n d and g r a v e l ; A u E t w i c k i n t h e P3 
P e n n i n e s ; Sweden 
You have now c o m p l e t e d t h e l e a r n i n g programme. 
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SECTION 2 G l a c i e r s 32 frames 
1 High i n the mountains snow accumulates to a great depth i n 
the snov/field.This snow changes to i c e because of the pressure 
of the snow above.The i c e then flows dovm the mountain side 
i n v a l l e y s . T h e s e ' r i v e r s ' of i c e are c a l l e d , 
g l a c i e r s 
The r i v e r Rhine flows from the snovrfields i n the Alps^The 
r i v e r s t a r t s as a g l a c i e r . 
Rhine 
The movement of the i c e i n a g l a c i e r can be measured by f i x i n g 
a row of s t a k e s a c r o s s the g l a c i e r , a s i n diagram l.The second 
diagram shows the p o s i t i o n of the same s t a k e s some days l a t e r ^ 
1. 2. 
a) Draw an arrow to show the d i r e c t i o n the i c e i s moving i n , 
TJhich p a r t of the g l a c i e r i s moving b) f a s t e s t ? c) slowest? 
a) i b) centre c ) s i d e s 
The f r i c t i o n caused by the i c e rubbing a g a i n s t the s o l i d rock 
of the v a l l e y s i d e s slows the movement of the i c e .The i c e moves 
more s l o w l y a t the s i d e s of the g l a c i e r because of o 
f r i c t i o n 
T h i s i s a s e c t i o n a c r o s s the glacier.TThich l e t t e r on the 
diagram i n d i c a t e s the slowest moving i c e ? 
B 
The g l a c i e r moves dovm t h e v a l l e y i m t i l t h e t e m p e r a t u r e i s 
warm enough t o m e l t t h e i c e . T h e n t h e meltv.ater w i l l f l o w as 
6 -
vievf f r o m above 
r i v e r 
The end o f t h e g l a c i e r i s c a l l e d 
t h e s n o u t . I n ^ d i a g r a m A i s t h e 
«B shows t h e i c y w a t e r 
w h i c h f l o w s f r o m t h e end o f ' t h e 
g l a c i e r ; i t i s a 
A s n o u t ; B r i v e r 
T h e ^ e , i n t h e g l a c i e r , m a y c r a c k as i t moves dovm t h e s l o p e . 
\ Large cgacks or gashes i n t h e i c e are 
S e c t i o n o f g l a c i e r s u r f a c e 
c a l l e d c r e v a s s e s . I n t h i s d i a g r a m a 
number o f a r e shown. 
cre v a s s e s 
T h i s diagram shovrs t h a t t h e 
p i n n a c l e s o f i c e r e m a i n i n g betvreen 
t h e c r e v a s s e s a r e c a l l e d 
sieracs 
C r e v a s s e s may form i f -the v a l l e y widens.The c r e v a s s e s i n t h i s 
diagram formed because 
thid v a l l e y - / ettvasst 
11 
11 widened 
Crevasses a l s o f o r m i f the v a l l e y f l o o r suddenly steepens. 
Copy t h i s d iagram and mark, 
w i t h an X,the p o i n t where / 
t h e r e i s a marked change i n Sc?i/,^ ' ^ ^cJA 
s l o p e o f t h e v a l l e y f l o o r . Long s e c t i o n ( p r o f i l e ) o f v a l l e y f l o o r 
T h i s diagram shows t h e i c e cracked" a t p o i n t Y,These c r a c k s or 
a t p o i n t Y v/ero caused 
V when t h e " v a l l e y f l o o r . 
13 
crevasses;steepened 
T h i s i s an enlargement o f p o i n t Y i n t h e l a s t frame.The l a r g e 
c r a c k s i n t h e i c e a r e • 
The p i n n a c l e s o f i c e r e m a i n i n g 
between them a r e . 
14 
c r e v a s s e s ; s e r a c s 
Crevasses, w i l l f o r m when 1) t h e v a l l e y 




I n P a n e l 1,2 p o i n t .X i n d i c a t e s a number o f 
16 
crevasses 
I f t h e g l a c i e r moves over a v e r y steep f a l l i n t h e v a l l e y 
f l o o r , t h e i c e b r e a k s up i n t o a c h a o t i c p a t t e r n o f c r e v a s s e s , 
c a l l e d an i c e f a l l . P o i n t s X and Y i n t h e p h o t o g r a p h are 
12 
17 i c c f a l l s 
Changes i n t e m p e r a t u r e cause many p i e c e s o f r o c k t o s p l i n t e r 
o f f t h e m o u n t a i n peaks and f a l l o n t o t h e i c e . T h i s l o o s e r o c k 
m a t e r i a l i s c a l l e d moraine .Moraine i s vfhich has 
f a l l e n f r o m t h e _ , o n t o t h e . 
18 
Loose r o c k ( m a t e r i a l ) ; m o u n t a i n p e a k s ; i c e 
I n t h e p h o t o g r a p h 1 and 2 b o t h show , 
19 
moraine 
I f t h e l o o s e r o c k i s c a r r i e d a t t h e s i d e s o f t h e g l a c i e r , i t i j 
c a l l e d a l a t e r a l moraine.On t h e p h o t o g r a p h 1 i s a 
20 
l i t e r a l moraine 
I f two g l a c i e r s meet and j o i n , t w o o f t h e l a t e r a l moraines w i l l 
be c a r r i e d dovm^the c e n t r e o f t h e g l a c i e r as a m e d i a l m o r a i n e . 
I n t h i s d i a g r a m A and C a r e a t t h e 
'A" s i d e s o f t h e g l a c i e r ; t h e y a r e 
i s i n t h e 
c e n t r e o f t h e g l a c i e r and i s a 
overhead v i e w 
2 r 
l a t e r a l m o r a i n e ; m e d i a l moraine 
I n t h e p h o t o g r a p h , 1 i s a m o r aine,2 a 
' ^5 
22 l a t e r a : j . ; r a e d i a l taoraine 
The g l a c i e r c a r r i e s t h e moraine t o i t s end or snout.As t h e 
i c e m e l t s t h e moraine i s d e p o s i t e d ( d r o p p e d ) across t h e v a l l e y . 
A t t h e end o f t h e g l a c i e r we expect t o f i n d d e p o s i t e d 
^ t h e v a l l e y , ; , • 
moraine Jacroas 
T h i s moraine i s t h e t e r m i n a l ( e n d ) m o r a i n e , I n t h e f i diagram 
A 
A shows a moraine across t h e 
v a l l e y , I t i s a 
2^ 
t e r m i n a l moraine 
A m e d i a l moraine i s p r e s e n t a t t h e _ _ _ _ _ 
a t t h e ^  and a t e r m i n a l moraine a t t h e o f 
a g l a c i e r . 
a l a t e r a l moraine 
25 
c e n t r e ; s i d e ; end . 
The end o f t h e g l a c i e r i s n o t always i n t h e same p o s i t i o n i n 
t h e v a l l e y , I f t h e t e m p e r a t u r e becomes c o l d e r over a l o n g p e r i o d 
o f t i m e , t h e i c e w i l l n o t m e l t so r e a d i l y and t h e end o f t h e " 




moraine v r i l l f o r m a c r o s s t h e v a l l e y . 
t e r m i n a l 
I f now t h e * t e m p e r a t u r e becomes warmer,over a l o n g p e r i o d o f 
t i m e , t h e i c e w i l l m e l t more e a s i l ^ r 
and t h e snout w i l l move up t h e 
v a l l e y . I n t h e dia g r a m A i s t h e 
and B t h e 
l3 l&t»ev A s n o u t ; B t e r m i n a l moraine 
I c y c o l d w a t e r w i l l f l o w f r o m 
t h e end o f t h e g l a c i e r t o f o r m 
a s t r e a m , l a b e l l e d ^ i n t h e 
di a g r a m , . 
The t e r m i n a l moraine may now dam t h e r i v e r , p r e v e n t i n g some 
o f t h e m e l t w a t e r f r o m f l o w i n g dovmstream.Thus a w i l l f o r m . 
l a k e 
Copy t h i s d i a g r a m and f i l l i n a l a k e 
w h i c h has been dammed b e h i n d t h e 
m o r a i n e . L a b e l t h e l a k e a 
moraine-dammed l a k e . 
I'he. b i g g e s t l a k e i n t h e L^.ke " ' 
D i s t r i c t was fTormed i n t h i s way. 
T-That iis i t c a l l e d ? 




I n t h e Lake D i s t r i c t , L a k e was formed because a 
moraine p r e v e n t e d some o f t h e m e l t w a t e r f r o m 
e s c a p i n g t o t h e sea. 
T^^indermere; t e r m i n a l 
T h i s i s t h e end o f S e c t i o n 2, 
Now answer Test 2 on page l 6 , 
16 
TSST 2 _ . .. 
Answer a l l q u e s t i o n s .Answers t o be v j r i t t e n on t h e back o f 
y o u r S e c t i o n 2 answer s h e e t . 
1 The i c e w i t h i n a g l a c i e r does n o t move a t t h e same speed. The 
i c e near t h e ^ moves s l o w e s t because 
2 a) Sometimes l a r g e c r a c k s , c a l l e d , f o r m on t h e s u r f a c e 
o f t h e i c e , b) These c r a c k s may be caused by i ) 
i i ) 
5-^-Tfee-ieeee-Feek 
c ) The p i n n a c l e s o f i c e , b e t w e e n t h e c r a c k s , a r e 
3 The l o o s e r o c k , w h i c h f a l l s o n t o t h e g l a c i e r f r o m t h e m o u n t a i n 
peaks, i s c a l l e d ,T7hen i t i s c a r r i e d a l o n g t h e s i d e s 
o f t h e g l a c i e r i t i s a . 
4 Name a r i v e r w h i c h s t a r t s as a g l a c i e r . 
5 Draw a c l e a r d i a g r a m t o show how a moraine-danyned l a k e i s 
f o r m e d , ^ a b e l yovir d i a g r a m . 
6 Give an example o f a moraine-dammed Ifeke, 
?4 
SECTION 4 G l a c i a l F e a t u r e s on an C.S. map 21 frames 
Use t h e ©^S^Ordnance Sxirvey map (Panel 4,1) f o r t h i s s e c t i o n . 
1 On t h e mapjbrovm c o n t o u r l i n e s are used t o shovr t he h e i g h t of the 
land,How h i g h i s t h e l a b e l l e d c o n t o u r i n g r i d square l 4 l 6 ? 
l , 6 0 0 f t 
C o n t o u r s a r e dravm c l o s e t o g e t h e r t o show a steep slope and 
f a r a p a r t when t h e s l o p e i s gentle.-Jest o f But t e r m e r e v i l l a g e , 
i n g r i d square I716 t h e s l o p e i s and i n g r i d square 
l 6 l 4 t h e s l o p e i s . 
g e n t l e ; s t e e p 
IJhen t h e s l o p e i s v e r y steep a n o t h e r s y m b o l , r e p r e s e n t i n g a 
c l i f f , i s used on O.S. m a p s . C l i f f s are shovim by s h o r t b l a c k 
l i n e s , A v e r y steep s l o p e i s shovm i n t h i s way a t 
i n g r i d square I 8 1 9 , 
Vanlope 
TJhen t h e s l o p e i s so steep t h a t i t i s almost v e r t i c a l , t h e 
symbol used on an GoS. map t o r e p r e s e n t i t i s t h e symbol. 
c l i f f 
T h i s map shows p a r t o f t h e Lake D i s t r i c t , O n i t we s h o u l d be 
a b l e t o f i n d examples o f c o r r i e s , a r e t e s , U - s h a p e d v a l l e y s with 
t h e i r h a n g i n g v a l l e y s , w a t e r f a l l s and r i b b o n l a k e s , F i r s t we 
v r i l l l o o k f o r c o r r i e s and a r e t e s ,¥ill we f i n d them near the 





n e a r t he m o u n t a i n peaks 
A c o r r i e i s c i r c u l a r or rounded i n shape and has a v e r y steep 
b a c l c i r a l l . I t may c o n t a i n a s m a l l l a k e or tarn,Now what w i l l t h e 
c o r r i e l o o k l i k e cn a c o n t o u r map.The c o n t o u r l i n e s w i l l make 
a ro u n d e d p a t t e r n . T h e w a l l s a re ste e p , s o t h e c o n t o u r l i n e s 
w i l l be drawn ^ , I f t h e v ; a l l s a r e v e r y s t e e p 
ft _ may be i n d i c a t e d . 
c l o s e t o g e t h e r ; c l i f f 
Now draw a c o n t o u r map o f a c o r r i e i n t h i s way . F i r s t drav/ a 
s m a l l t a r n x / i t h a stream f l o v r i n g f r o m i t . A r o t m d t h i s dravx 
4 c o n t o u r l i n e s i n a p a t t e r n w h i c h shows t h e rounded 
a r m - c h a i r shape.Remember t h a t t h e s i d e s o f t h e c o r r i e a r e v e r y 
s t e e p and t h e base f l a t . L a b e l t h e l o w e s t c o n t o u r l , e O O f t , 
Look a t t h e a r e a c a l l e d L i n g Comb i n square 1515,This i s a 
c o r r i e , I t i s ne a r t h e m o u n t a i n peek c a l l e d and 
o v e r l o o k s t h e VJater v a l l e y . 
Red PikejCrummock 
Now y o u can f i n d a nam.ed example o f a) a c o r r i e w i t h a t a r n , 
b ) a c o r r i e , 
a) B l e a b e r r y b ) B u r t n e s s Combe ' 
A r e t e s are v e r y steep m o u n t a i n r i d g e s b a c k i n g t h e corries« 
The c l i f f symbol i s used- t o shovr t h e s e c r a g g y mou.ntain r i d g e s . 




Scale: One Inch to One Statute Mile = V^ 336o 
\ i i i 0 1 2 3 4 5 Miles 
:,000 0 
1 0 
I H H H H hi 
1,000 2,000 3,000 4,000 5,000 6,000 
1 2 3 4 5 6 
7,000 8,000 9,000 Yards 
7 8 Kilometres 
Heights are in feel above Mean Sea Level. Contours are at 50ft. intervals 
26 
Any 2 f r o m High C r a g j H i g h S t i l e ;Chapel Crags ;The Sa'ddlejLing 
C omb. 
The main v a l l e y s i n a g l a c i a t e d h i g h l a n d area are U-shaped,They 
have: steep s i d e s and a f l a t baseoThe steep s i d e s are shovm on 
t h e map'by c o n t o u r l i n e s drawn , t he f l a t base 
by contovir l i n e s dravm . 
c l o s e t o g e t h e r ; f a r a p a r t 
On t h i s nap o n l y one l a r g e U-shaped v a l l e y i s shovm.Narae i t , 
Crtimmock I-7ater (But termer e ) v a l l e y 
How wide i s t h e v a l l e y bottom(below^ 3 5 0 f t ) near the v i l l a g e o f 
B u t t e r m e r e ? G i v e y o u r answer i n p a r t s o f a mile,The s c a l e o f 
t h e map i s i i n c h t o i m i l e . 
1/3 mlo9r y a r d s or 3 f u r l o n g s approx. 
F a r t o f t h e f l a t v a l l e y b o t t o m may c o n t a i n a l o n g t h i n r i b b o n 
lakeoNarae t h e 2 r i b b o n l a k e s shown on t h i s map. 
Crummock Water; B u t t e r m e r e 
Now count t h e s m a l l t r i b u t a r y streams vrhich f l o w i n t o t h e 
Buttermere-Crummock IJ a t e r v a l l e y f r o m t h e vrest. 
¥e w i s h t o f i n d i f any or a l l o f these t r i b u t a r y v a l l e y s are 
h a n g i n g valleys»This i s a c o n t o u r map of a r i v e r v a l l e y . N o t i c e 
t h e c o n t o u r s make a V-shape,with t h e 
a p e x ( p o i n t ) of t h e V p o i n t i n g towards 
t h e h i g h l a n d , T h e r i v e r on t h i s map 
b e g i n s a t h e i g h t of j u s t over 
f t . 
s7 
17 4 C 0 f t 
•/Then t h e c o n t o u r s are e v e n l y spaced t h e r i v e r bed has an even 
s l o p e or g r a d i e n t . H a s t h e r i v e r i n f r a n e 16 an even g r a d i e n t ? 
18 
yes 
A h a n g i n g v a l l e y does n o t have an even s l o p e f o r i t s f u l l l e n g t h , 
Lt t h e p o i n t where i t e n t e r s t h e main v a l l e y t h e s l o p e i s s t e e p e r 
thcin n ear t h e source ( b e g i n n i n g ) o f t h e stream.uJhere t h e s l o p e 
i s s t e e p e r t h e c o n t o u r s w i l l be drax»m c l o s e r t o g e t h e r / w i d e r 
a p a r t (choose o n e ) . 
19 
c l o s e r t o g e t h e r 
T h i s much s t e e p e r s l o p e i s sho-tfm on a c o n t o u r map by c o n t o u r s 
tvM^ Uj;cC,/.^  v/aUe^.^ w h i c h c u t s t r a i g h t a c r o s s ' t h e r i v e r . 
S:t t h e p o i n t xrhere t h e v a l l e y i s 
h a n g i n g , T h i s c o n t o u r map shows a 
h a n g i n g v a l l e y , A t w h i c h p o i n t ( 1 , 2 , 3 o r 4 ) 
• ^ • • j ' ' ' ^ does t h e t r i b u t a r y v a l l e y 'hang' 
over t h e main v a l l e y ? 
20 
Now l o o k a t t h e stream f l o v r i n g i n t o B u t t e r m e r e f r o m B u r t n e s s 
Combe.Towards t h e c o r r i e t h e c o n t o u r s are V-shaped,but near 
t h e l a k e t h e y c u t s t r a i g h t a c r o s s t h e s t r e a m showing t h a t 
t h i s i s a 'hanging' valley,Name 2 more examples o f h a n g i n g 
v a l l e y s e n t e r i n g t h e main v a l l e y f r o m t h e w e s t . 
21 
2 f r o m Scale Beck;Far Ruddy Beck;Sour M i l k G i l l 
Look c l o s e l y a t t h e nap and f i n d a w a t e r f a l l a l o n g one o f 
t h e streams e n t e r i n g t h e l a k e s f r o m t h e v j e s t . 
28 
Scale Force or a l o n g Sour M i l k G i l l 
T h i s s e c t i o n i s now c o m p l e t e . 
Now answer T e s t 4 s e t out below. 
—Z_ ansv7er s h e e t . 
Answers t o be v r r i t t e n on t h e back o f the S e c t i o n 4 '> 
Use t h e G.S, map o f p a r t o f t h e Snowdon D i s t r i c t f o r t h i s t e s t , 
The map i s on page 53 or 58 i n Margaret ¥ood - Map Reading f o r 
S c h o o l s , 
F i n d e v i d e n c e , f r o m t he map,which suggests t h a t t h i s area i n 
Wales has been g l a c i a t e d , b y g i v i n g one named example o f each 
o f t h e f o l l o w i n g f e a t u r e s : a r e t e , c o r r i e , U - s h a p e d v a l l e y , 
h a n g i n g v a l l e y , r i b b o n l a k e . S t a t e c l e a r l y w h i c h i s which.. 
SECTION 5 G l a c i a l F e a t u r e s i n Mountainous Areaa „ 
' ~ 30' frame: 
1 P a n e l 3«1 shoves t h a t B r i t a i n was covered by i c e noi'-th o f c-
l i n e c o n n e c t i n g t h e towns o f and 
B r i s t o l and London 
T h i s means t h a t most o f has been a f f e c t e d by i c e ^ 
3 
B r i t a i n 
\ 
U s i n g P a n e l 3<»l»name a h i g h l a n d area i n B r i t a . i n ig-here wo car. 
!' ' 
s t u d y t h e e f f e c t s o f i c e , 
4 
A.ny one f r o m ¥elsh Uplands, Lake D i s t r i c t .jGrampiaaSjNo'^^Highic.iid; 
D u r i n g t h e I c e Age,the main work o f the i c e c i n xhose o r e a s , 
was t o wear away or erode t h e s u r f a c e .The r o c k s VTQTQ ^ 
by t h e i c e . 
eroded 
H i g h up on t h e m o u n t a i n s i d e snow and i c e accumulated x'a 
h o l l o v j s c a l l e d o 
c o r r x e s 
A c o r r i e i s a» a r m - c h a i r s h a p e d ; t h a t i s i t i s c i r c u l a r w l t i i vo' 
s t e e p w a l l s and a f l a t base,The s i d e s o f t h e c o r r i e a re , 
and t h e b o t t o m « 
7 v e r y s t e e p ; f l a t 
^ 1 1 c o r r i e s a r e t h i s shape because o f t h e way t h e y were f o r m e d . 
S e c t i o n o f a c o r r i e 
The w a l l s ?ire v e r y steep a.nd r u g g e d 
because changes i n t e m p e r a t u r e 
( f r e e z e - t h a w p r o c e s s ) c a u s e d p i e c e s o f 
r o c k t o s h a t t e r and f a l l o f f . T h e d i a g r a m 
shows t h a t t h e b a c k w a l l i s v e r y steep 
and r u g g e d because o f 
s h a t t e r i n g 
These f r a g m e n t s f e l l i n t o t h e i c e i n t h e c o r r i e . 
They h e l p e d t h e i c e t o g r i n d away and 
erode t h e base o f t h e c o r r i e , T h e s l o p e 
£>\r^^ y'^'-^ h e r e i s much g e n t l e r ( f l a t t e r ) because 
o f t h e a c t i o n . 
g r i n d i n g 
The f e a t u r e sho^m i n t h i s d i agram 
i s a _______ .Name t h e p r o c e s s o f 
e r o s i o n w h i c h r e s u l t e d i n t h e 
s l o p e a t 1 and 2, 
10 
R o c k 
c o r r i e ; ! s h a t t e r i n g ; 2 g r i n d i n g ( i c e a c t i o n ) 
A 
I n some o f t h e c o r r i e s a s m a l l 
la-kc o'T t a r n r e mained when t h e i c e 
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11 t c ^ r n 
i n s h a p e , w i t h ft A c o r r i e i s ^ ^ 
a n d b a s e , I t may c o n t a i n 




c i r c u l a r j V e r y s t e e p ; f l a t ; t a r n 
P a n e l 3,2 i s a p h o t o g r a p h t a k e n i n t h e Lake D i s t r i c t , T h e 
f e a t i i r e a t 1 i s a . P a n e l 3,3 i s a f i e l d s k e t c h o f 
t h e a r e a . U s e i t t o f i n d t h e a c t u a l name o f 1. 
c o r r i e ; B l e a T a r n 
I'Jhen t w o c o r r i e s o r v a l l e y h e a d s e r o d e backT-rards i n t o t h e 
r'^ dLve/Te a o u n t a i n a r a z o r - e d g e d r i d g e 
r e s u l t s , c a l l e d an (se e 
d i a g r a m ) . T h e s l o p e s o f t h e r i d g e 
a r e . 
w 
a r e t e ; v e r y s t e e p 
On t h e p h o t o g r a p h 2 i s an . P a n e l 3.3 shows t h a t i t s 
name xs 
l y 
a r e t e j R i g g i n d a l e C r a g 
C o r r i e s a n d a r e t e s a r e f o x m d n e a r t h e t o p / o n t h e s i d e / a t t h e 
f o o t ( c h o o s e o n e ) o f t h e m o u n t a i n . 
16 
n e a r t h e t o p 
The m o r a i n e , w h i c h i s f r o z e n i n t h e s i d e s a n d base o f t h e 
v a l l e y g l a c i e r , c o n v e r t s i t i n t o a g i a n t r a s p . T h e g l a c i e r 
moves s l o v j - l y , r u b b i n g a g a i n s t t h e v a l l e y s i d e s . H e r e a l s o t h e 
m a i n w o r k o f t h e i c e i s t o t h e s x i r f a c e . 
.^0 
17 e r o d e 
A n o r m a l r i v e r v c i l l e y i s V - s h a p e d i n c r o s s s e c t i o n , O n e 
T h r o u g h v r h i c h a g l a c i e r p a s s e d i s U - s h a p e d , D i a g r a m 1 a n d 2 a r e 
c r o s s s e c t i o n s o f t w o v a l l e y s , I ? h i c h one h a s b e e n g l a c i a t e d ? ^ , 
1 _ ' '2 ^ 
18 
I'Then a g l a c i e r p a s s e s Tio>m 
a v a l l e y , i t c h a n g e s f r o m 
V - s h a p e d t o , 
D u r i n g t h e I c e Age 
19 
U-shaped 
The s i d e s o f a U-shaped v a l l e y become v e r y 
v a l l e y b o t t o m w a n d f , 
a n d t h e 
20 
s t e e p ; w i d e a n d f l a t 
I n t h e p h o t o g r a p h , t h e f e a t u r e m a r k e d 3 i s a 
P a n e l 3,3 shows t h a t i t s name i s 
v a l l e y . 
'2T 
, U - s h a p e d j R i g g i n d a l e 
The g l a c i e r s i n t h d t r i b u t a r y v a l l e y s w e r e b i g g e r / a s b i g / 
s a a l l e r ( c h o o s e -one) t h a n i n t h e m a i n v a l l e y , ( U s e t h e d i a g r a m 
i n f r a t a e l 8 i f n e c e s s a r y . 
22 s m a l l e r 
B e c a u s e t h e y w e r e s m a l l e r , t h e v a l l e y s v r h i c h t h e y c u t vxero 
b i g g e r / s m a l l e r ( c h o o s e one) t h a n t h e m a i n v a l l e y . 
21 
23 
s m a l l e r 
I'.Tien t h e i c e m e l t e d , t h e s m a l l 
t r i b u t a r y v a l l e y s w e r e l e f t 
' h a n g i n g ' a b o v e t h e m a i n v a l l e y . 
T h e y a r e c a l l e d h a n g i n g valleys» 
I n t h e d i a g r a m A i s a 
v a l l e y , B a v a l l e y . 
U-shaped; h a n g i n g 
I f t h e edge o f t h e m a i n v a l l e y i s e x t r e m e l y s t & e p t h e t r i b u t a r y -
s t r e a m s w i l l f a l l i n t o i t as . 
w a t e r f a l l s 
I n t h i s d i a g r a m a U-shaped v a l l e y , 
h a n g i n g v a l l e y , w a t e r f a l l a n d r i v e r -
a r e i n d i c a t e d . I d e n t i f y t h e m . 
1 h a n g i n g v a l l e y ; 2 w a t e r f a l l ; 3 U-shaped v a l l e y ; ^ r i v e r 
I n t h e b o t t o m o f some o f t h e U-shaped v a l l e y s l a r g e a r e a s o f 
w a t e r w e r e l e f t b e h i n d a f t e r t h e i c e h a d m e l t e d . L a r g e b o d i e s o f 
W c i t e r s v i r r o u n d e d b y l a n d a r e c a l l e d . 
l a k e s 
T h e s e l a k e s a r e c a l l e d r i b b o n o r f i n g e r l a k e s b e c a u s e t h e y a r e 
l o n g a n d t h i n , A r i b b o n l a k e i s a 
o f a U-shaped v a l l e y . 
l a k e f o u n d i n t h e 
28 l o n g t h i n ; b o t t o r 3 
The r i b b o n l a k e f i l l i n g i n p a r t o f R i g g i n d a l e ( P a n e l 3,3) 
i s c a l l e d e 
2T 
30 
-• •• H o w e s w a t e r ' 
N e x t we w i l l l o o k a t t h e p h o t o g r a p h t o see w h a t , vxe h a v e l e a r n e d 
a b o u t i t . T h i s p h o t o g r a p h , w a s t a k e n i n t h e , 
The f e a t v i r e s shovm on i t , w h i c h w e r e e r o d e d b y t h e i c e , a r e 
1 a ,2 a n , a n d 3 • 
I n t h e f o r e g r o u n d i s a • 
L a k e D i s t r i c t ; 1 : C o r r i e ; 2 a r e t e ; 3 U-shaped v a l l e y ; r i b b o n l a k e 
The a c t u a l names o f t h e f o u r f e a t u r e s i n t h i s p a r t o f t h e 
L a k e D i s t r i c t a r e 1 , 2___ , 
3 a n d , 
B l e a T a r n ; R i g g i n d a l e C r a g ; R i g g i n d a l e ; Hawesv/ater 
You hcLve now f i n i s h e d S e c t i o n 3» 
Answer t h e q u e s t i o n s i n T e s t 3 on page 23. 
23 
T5ST 3 
A n s w e r a l l q u e s t i o n s . 
A n s w e r s t o be - ^ r r i t t e n on t h e b a c k o f y o u r S e c t i o n 3 a n s w e i ^ ^ h e e t . 
1 Name a h i g h l a n d a r e a i n B r i t a i n w h i c h h a s b e e n g l a c i a t e d , 
2 The n a i n w o r k o f t h e i c e , i n a h i g h l a n d a r e a , i s t o "the 
s v i r f ace , 
3 a ) ( i ) D e s c r i b e a c o r r i e . 
• ( i i ) Draw a l a b e l l e d d i a g r a m t o show hovr i t was f o r m e d . 
( i i i ) Q i v e one e x a m p l e , 
b ) \mc.t i s a n a r e t e ? 
c j I J h e r e a r e c o r r i e s a n d a r e t e s f o t m d i n t h e s e h i g h l a n d a r e a s ? 
4a) ( i ) TJhat i s t h e m a i n v a l l e y i n a g l a c i a t e d h i g h l a n d a r e a c a l l e d ? 
( i i ) K o w does i t d i f f e r i n shape f r o m a n o r m a l r i v e r v a l l e y ? 
b ) L a b e l t h e t h r e e f e a t u r e s i n d i c a t e d on t h i s d i a g r a m . 
c ) ( i ) D e s c r i b e a r i b b o n l a k e , 
( i i ) G i v e one e x a m p l e . 
